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Some Chemical and Bacteriological Effects of 
Various Kinds and Amounts of Lime on 
Certain Southern Iowa Soils 
Part 1. Laboratory and Greenhouse Experiments 
By R. H. WALKER, P. E. BROWN AND A. W. YOUNG 
Extensive investigations have been conducted to determine 
the influence of lime on acid soils, but there is still much to be 
learned regarding the reactions involved and the effects of addi-
tions of various kinds and amounts of lime on different soils. 
Soils vary widely in physical, chemical and bacteriological 
properties, and hence lime rarely has the same effect on different 
types. It has been noted that soils with practically the same 
hydrogen ion concentration may require different amounts of 
lime to neutralize the acidity. The organip matter and colloidal 
content are quite variable and will affect not only the need of soils 
for lime but also the reactions which occur as a result of the treat-
ment. 
Recent developments in soil chemistry in connection with the 
study of base exchange phenomena have led to new conceptions 
and theories which are significant in the interpretation of ex-
perimental data secured in the study of the effects of lime on soils. 
It has been found that acid soils have a relatively large per-
centage of exchangeable hydrogen ions in the colloidal base ex-
change complex. The amount of these exchangeable hydrogen 
ions in the soil influences materially the degree of acidity. When 
lime is applied to an acid soil the calcium ions of the limestone 
react with the absorption complex and replace the exchangeable 
hydrogen ions, which are neutralized and thus lose their harmful 
effects. 
The influence of different kinds and amounts of lime on base 
exchange reactions has not yet been thoroughly investigated 
and a study ·of the rate at which these reactions occur and of 
their relation to the bacteriological activities in the soil and to 
the effects on crop yields would also be of significance. 
With these problems in mind, an investigation was planned to 
study the effects of various amounts of limestone, varying in de-
grees of 'fineness and chemical composition, on some of the chemi-
cal and bacteriological properties of the more important soils of 
the Southern Iowa loess soil area, where practically all the soils 
are acid and in need of lime. Studies were made of the effects of 
the different kinds of lime on t):Je hydrogen ion concentration and 
lime requirements of the soils, on the amounts of exchangeable 
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hydrogen, and exchangeable bases, and on the degree of saturation 
of the soils with bases. Tests were also conducted to determine 
the influence on the nitrifying power and the nitrogen fixing power 
of the soils, and on the yield and composition of the crops grown. 
The results secured in this work, in experiments conducted in the 
laboratory and greenhouse, are presented in this bulletin. 
HISTORICAL 
The comparative value of burned lime, hydrated lime and 
ground limestone and of magnesian and non-magnesian lime-
stones have been tested in many experiments. The relative ef-
fectiveness of limestone ground to different degrees of fineness 
has also been studied, and investigations have been conducted to 
determine the proper amounts of lime required for the different 
crops on various soils. 
A review of all the literature along these lines will not be given. 
Only those papers which have a direct bearing on the work re-
ported here will be discussed. 
EFFECTS OF VARIOUS KINDS AND AMOUNTS OF LIME ON HY· 
DROGEN ION CONCENTRATION AND LIME 
REQUIREMENTS OF SOILS 
Lipman and his associates (28) applied magnesian and non-
magnesian limestones to soils in three different amounts-Y2 ton, 
1 ton and 2 tons per acre. They found that with an increase in 
the amount of lime applied there was a decrease in the lime re-
quirement of the soils as determined by the Veitch method. 
The magnesian limestone appeared to have a slight advantage 
in meeting the lime requirement of the soil. With the smaller 
additions of the limestones the soils were still acid at the end of 
5 years but with the 2-ton application they were at the neutral 
point. The hydrogen ion concentration of the soil decreased in 
inverse proportion to the amount of the lime application. Blair 
(5) reported that after 11 years these two limestones had exerted 
the same effect on the acidity as measured by the hydrogen ion 
concentration and the lime requirement of the soil. 
White and Gardner (54) made a comparison of the effects of 
high-calcium lime and limestone and of magnesian lime and 
limestone. They concluded that there was very little difference in 
the value of the two limestones from the standpoint of crop pro-
duction. There was some difference, however, in the effects of 
these materials on the soil reaction when they were employed in 
varying conditions of fineness. 
Stewart and Wyatt (46), from th€ir experiments carried on in 
Illinois, however, concluded that dolomitic limestone was slightly 
more effective than high-calcium limestone in neutralizing acidity. 
They also found that it remained in the soil for a longer time. 
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Burgess (12) compared the value of high-calcium hydrate, high-
magnesian hydrate, and high-calcium and high-magnesian lime-
stones. His results indicated that the high-magnesian hydrate 
was the most efficient in neutralizing the acidity of the soil. 
McCool and Millar (34) studied the comparative value of 
magnesian and non-magnesian limestones for correcting soil 
acidity. They determined the content of carbonates in the soil 
after a period of 3 years, and they assumed that this represented 
the amount of lime which had not reacted with the acidity in the 
soil. With the 100-mesh material the magnesian and non-magne-
sian limestones were of practically equal value. When the coarser 
materials were used, however, such as the 60-mesh and 20-mesh, 
the non-magnesian limestone was somewhat more effective. 
Wiancko, Walker and Conner (56) found a hydrated magne-
sian lime fully as effective as a hydrated, pure calcium lime. 
EFFECTS OF FINENESS OF DIVISION OF LIMESTONE 
Many experiments have been conducted to determine the 
effects of the fineness of division of the limestone applied ' on the 
reaction of the soil. Kopeloff (24) found a corresponding de-
crease in lime requirement with an increase in fineness of division 
of pulverized limestone from 20 to 40, 40 to 60, 60 to 80, 100 to 
200, to finer than 200-mesh. There was very little choice between 
the burned lime and the 200-mesh limestone . . 
Pierre (37) concluded that the finer the limestone applied, the 
quicker the soil acids will be neutralized. He found that the 
greater the hydrogen ion concentration of the soil or the greater 
the acidity of the acids, the higher was the rate of reaction of 
liming materials. 
White and Holben (55) found that after 40 years of continuous 
treatments, during which time 40 tons of lime per acre had been 
applied, 17,631 pounds of carbonates had undergone decomposi-
tion. This decomposition was practically all confined to the fine 
material which originally passed a 0.25-millimeter screen. 
Wiancko, Walker and Conner (56) found that 1O-mesh and 
50-mesh ground limestone and marl produced as large crop in-
creases the first year and in succeeding years as did hydrated 
lime. The 50-mesh limestone was no more effective than the 10-
mesh 'stone. 
Stewart and Wyatt (46) showed that the total mr..terial passing 
through a :4-inch screen was just as effective as finely ground 
limestone in correcting soil acidity. They concluded that the 
mixed material is the most economical to use as it contains fine 
material which will react immediately with the soil acids and 
coarse material which will remain in the soil to correct any acidity 
developing later. 
Frear (17), on the other hand, was much opposed to the idea 
of applying coarse limestone to acid soils. He pointed out that 
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limestone is of no use until decomposition occurs, and hence finely 
ground materials would have the greatest effect and be of the 
most economic value. 
Broughton, Williams and Frazee (8) found that limestone or 
oyster shells must be ground so that at least 90 percent would 
pass an 80-mesh sieve in order to supply as much soluble calcium 
as is contained in an equivalent amount of calcium oxide. Crop 
yields with the finely ground limestone were equal to, or some-
times greater than those secured with calcium oxide. 
Hartwell and Damon (22) made a field comparison of hydrated 
lime and limestone of different degrees of tineness. It was con-
cluded that where lime is much needed on the soil, about 2Yz 
parts of ground limestone are required to exert the same first 
effect as 1 part of hydrated lime; and that the exact amount of 
limestone which should be used varies with the fineness of division. 
White (53) found that where burned lime and 100-mesh lime-
stone had been used, the acidity of the soil was entirely neutra-
lized at the end of the first year. Wit.h 50-mesh stone the acidity 
was seven-eighths neutralized at t.he end of the first year and com-
pletely neutralized the next year. The 20-mesh stone neutra-
lized one-half the acidity by the end of the first year, five-sixths 
by the end of the second year, and after 3 years the acidity was 
all neut:c.alized. The 8-mesh limestone had neutralized one-
seventh of the acidity at the end of the first year and only two-
sevenths at the end of the third year. Where the 100-mesh stone 
was used some acidity appeared at the end of t.he third year. 
EFFECTS OF VARYING AMOUNTS. OF LIME 
Recent work seems to indicate that it is not necessary to satisfy 
fully the lime requirement of the soil, as commonly determined, 
in order to secure the best results for most farm crops. Lipman 
and his associates '(28) came to this conclusion after studying the 
value of various amounts of lime in different rotations. 
DeTurk and Bray (15) m.ade a light and a heavy application of 
limestone of known fineness to a highly acid soil and noted the 
effects over a period of 5 years. A light application of 2Yz tons 
per acre was not sufficient to neutralize all of the acidity of the 
soil nor to permit the growth of sweet clover. With a heavier 
application of .5 tons per acre, however, the acidity of the soil was 
neutralized and sweet clover grew well. 
McCool (32) made a comparison of the influence of lime applied 
broadcast with the effects of applications of small amounts placed 
in the row with the legume seed at planting time. He found that 
750 pounds of ground limestone applied in the row was as effective 
as much larger amounts applied broadcast. 
Albrecht and Poirot (1) reported that for establishing a clover 
crop on a lime-deficient soil, 300 pounds of 30-mesh limestone 
combined with inoculated soil and drilled with the clover seed 
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was as effective as 5,000 pounds of lO-mesh limestone applied 
broadcast. 
THE LIMING FACTOR 
Many methods, mostly qualitative in nature, have been de-
vised to determine the proper amount of lime to apply to a 
particular soil. The work of Christensen and Jensen (14), how-
ever, has recently suggested a much more satisfactory method 
than any previously proposed. These investigators correlated 
the results of field experiments on soils to which different amounts 
of lime had been applied with data secured in the laboratory 
when the soils were titrated with a base to a certain pH value, 
such as 7.0 or 6.5. They found that about three times as much 
lime was required to produce the same reaction changes in the 
field as in the laboratory test. The ratio between the two amounts 
of lime was called the liming factor. The liming factor for the 
Danish soil tested was 3. 
Pierre and Worley (38) determined the liming factor for 77 
soils of widely different texture and acidity. The factor was 
found to be notably uniform and averaged about 1.5. This figure 
is considerably lower than that secured by Christensen and Jen-
sen but the difference may be attributed to the differences in the 
methods used in making the laboratory titration of the soil to a 
definite pH value, and also to the fact that Pierre and Worley 
conducted their experiments with soils in the greenhouse rather 
than in the field. The length of time the lime was allowed to re-
act with the field soils would also have a large influence on the 
ratio. 
EFFECTS OF VARIOUS KINDS AND AMOUNTS OF LIME ON EX-
CHANGEABLE HYDROGEN, EXCHANGEABLE 
BASES, AND DEGREE OF SATURATION 
OF SOILS 
Only within the past few years have there been any very defi-
nite suggestions regarding the, base exchange reaction in soils. 
Hence, very little is known of the effect of different kinds and 
amounts of lime on the exchangeable hydrogen, exchangeable 
bases and the degree of saturation of soils. 
Schollenberger (40) studied a Clermortt silt loam and secured 
an excellent correlation between the soil reaction and the per-
centage of the total base absorbent capacity satisfied by neutral 
salt-forming bases. 
Rost (39), using the electrodialysis method, found a larger 
amount of replaceable bases in soils which showed the least 
response to liming. 
Merkle (31) reported that liming soils tended to saturate the 
absorption complex with calcium. 
DeTurk and Bray (15) applied crushed limestone of known 
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fineness to a highly acid soil at the rate of 2Y2 and 5 tons per acre. 
After 5 years the application had increased the degree of satur-
ation of the base-absorbing capacity from 20.7 percent for the 
unlimed soil to 49.6 percent for the soil receiving the 2Y2 tons of 
lime per acre and to 71.9 percent where 5 tons were applied. At 
the same time, the hydrogen ion concentration was decreased 
from pH 4.3 for the unlimed soil to pH 5.2 for the 2Y2-ton appli-
cation and pH 6.4 for the 5-ton application. 
Lunt (30) found that applications of limestone reduced the 
hydrogen ion concentration and the lime requirement of the soil 
and in every case increased the total exchangeable calcium con-
tent of the surface layer. 
Joffe and McLean (23) reported that there was no correlation 
between the pH of the soil and the total content of replaceable 
hydrogen ions in the soil complex. They concluded that the 
logical quantity of lime to apply to an acid soil is an amount 
equivalent to the exchangeable hydrogen of the soil. 
In experiments conducted by Wilson (57), additions of lime-
stone were found to increase the exchangeable calcium in some 
soils but not in others. There was no relationship between the 
amount of limestone applied to the soils and the quantity of ex-
changeable calcium which they contained after treatment. It 
was suggested that the quantity of exchangeable calcium held in 
the colloidal complex of humus soil after an application of calcium 
carbonate depends more on the ability of the soil to absorb calcium 
than on the amount of calcium applied. 
Schollenberger and Dreibelbis (41) studied the effect of lime 
on the exchangeable bases in soils after 30 years of treatment and 
cropping. The unlimed soil was higher in exchangeable hydrogen 
and aluminum and lower in manganese, calcium, magnesium, 
potassium and sodium and also lower in total absorbing capacity 
than at the beginning of the experiment. At the end of the 30-
year period, the limed soil was much lower in exchangeable hydro-
gen, aluminum and nianganese and slightly lower in exchangeable 
potassium and sodium. The total base-absorbing capacity of the 
limed soil was increased. 
EFFECTS OF VARIOUS KINDS AND AMOUNTS OF 
LIME ON BACTERIAL ACTIVITIES IN SOILS 
The work of a number of investigators has shown that the 
activities of beneficial soil microorganisms are largely influenced 
by the reaction of the soil. It has been generally established 
(16, 59) that nitrifying bacteria are comparatively inactive in 
strongly acid soils and are stimulated considerably by liberal 
applications of lime. It has been also found (19, 35) that the 
non-symbiotic, aerobic, nitrogen-fixing bacteria are extremely 
sensitive to soil acidity and are not generally present in soils when 
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I the pH is less than 6.0. Applications of lime to such soils makes 
conditions more favorable for the growth and activities of these 
organisms. In like manner, many other soil organisms are benefit-
ed by applications of lime to acid soils. 
Chester (13) found that the addition of lime in varying amounts 
increased the number of bacteria in the soil, a marked increase 
occurring with the larger applications. 
Withers and Fraps (60) noted that calcium carbonate added to 
soils greatly accelerated nitrification. 
Brown (10) found that applications of limestone up to 3 tons per 
acre led to au increase in the numbers of bacteria in the soil and 
also increased the ammonifying, the nitrifying and the nitrogen-
fixing powers of the soil. The 3-ton applications of lime gave 
proportionately greater increases than did the 2-ton amounts. 
While ammonification proceeded fairly satisfactorily without 
applicatipns of lime in most of the soils tested by Bear (3), the 
use of moderate amounts of calcium carbonate increased the r.ate 
of ammonification. The rate of nitrification, however, ·was al-
most directly correlated with the amount of calcium carbonate 
applied. Fixation of nitrogen by aerobic non-symbiotic soil 
organisms was also considerably increased by the addition 'of 
calcium carbonate. It was concluded that small applications of 
lime are, as a rule, relatively more effective than large applications 
in increasing the bacterial activities in acid soils. 
Kopeloff (24) studied the influence of fineness of division of 
pulverized limestone on the bacteriological activities in the soil. 
He found that an increase in fineness from 20 to 40, 60 to 80, 100 
to 200, to finer than 200-mesh stone, increased the processes of 
ammonification, nitrification and nitrogen fixation within certain 
limits when tested in soil and in solution. 
White and Gardner (54) reported that the finer grades of 
ground limestone were more effective in stimulating the produc-
tion of nitrates in field soils. 
A number of experiments have shown the influence of the soil 
reaction on the legume nodule bacteria. Bryan (11) found that 
the alfalfa organisms did not survive when there was a greater 
acidity than pH 5.0. Red clover organisms were killed by an 
acidity of pH 4.5 to 4.7 and soybean organisms by a pH greater 
than 3.5 to 3.9. The optimum growth for all strains of the 
alfalfa organisms was reported by Stevens (44) to be pH 7.0, 
with a limiting acid reaction· at pH 5.5. 
Lipman and Blair (26) found a greater number of nodules per 
plant on soybeans grown in limed soil than on those grown in un-
limed soil. Where lime was applied there was an average of 83.6 
nodules per plant, while where no lime was used there were 50 
nodules per plant. The influence of the lime on the activities of 
the nodule bacteria was shown in the nitrogen content of the 
plants. 
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Wilson (58) studied the effect of soil reaction on the numbers 
of various species of legume bacteria present in variously treated 
soils. He concluded that in general the greater the acidity of the 
soil, the fewer the legume bacteria present. 
EFFECTS OF VARIOUS KINDS AND AMOUNTS OF 
LIME ON CROP YIELDS AND COMPOSITION 
In practically all of the experiments in which beneficial effects 
from the addition of various kinds and amounts of lime have been 
shown on the chemical and bacteriological properties of soils, 
similar beneficial effects have also been indicated upon the yield 
and composition of the crop. 
Lipman and Blair (26) found that liming increased the yield 
. of forage when the soybean crop was harvested either as hay or 
as dry stalks, and it also increased the percentage of nitrogen in 
these materials. . . 
The effects of lime on the yield and composition of alfalfa and 
corn were also shown in the, experiments conducted by Lipman 
and Blair (27). The yield of alfalfa hay on the plots receiving 2 
tons of lime per acre was three times as great as that on an un-
limed plot. The total nitrogen recovered in the crop on the 
limed plot was more than four times that recovered from the 
crop on the unlimed plot. Not only was there a greater yield of 
hay with the use of lime, but the quality of the hay crop was also 
distinctly improved. Larger yields of corn were also obtained 
on the limed plots than on the plots without lime. 
McCool and Millar (34) found that yields of rye were increased 
by applications of lime, the more finely divided limestones and 
hydrated lime giving the largest yields. 
Brown (9) reported an increase in the yield of oats when lime 
was applied to an acid soil. The increase was proportional to the 
amount of lime applied up to 3 tons per acre. The increase in 
nitrogen content of the crop as a result of liming was more pro-
nounced than the increase in the yield. 
Stevenson, Brown et al. (45) found that lime was beneficial.on 
all of the soils of more than 100 cooperative soil experiment fields 
in Iowa. The legume yields were greatly increased and consider-
able gains were brought about in the yields of general farm crops, 
as a result of liming. 
White and Holben (55) secured similar yields when 20-mesh 
pulverized limestone, hydrated lime and burned lime were applied 
to an acid soil on the basis of equivalent amounts of calcium oxide. 
Small applications of lime gave approximately twice as large 
yields of crops in the 4-year grain rotation as did the heavier ap-
plication of the lime when compared on the basis of equal amounts 
of calcium oxide applied. 
Kopeloff (24) found that an increase in fineness of division of 
pulverized limestone was responsible for a proportional increase 
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in the yield and total nitrogen content of crimson clover grown 
on several soil types. 
A consideration of all the literature indicates that the effects 
of various kinds and amounts of lime on the chemical and 
bacteriological properties of soils and upon the yield and com-
position of the crops grown, seem to be dependent not only upon 
the chemical and physical composition of the liming materials 
and on the amount of lime applied but especially upon the com-
position of the soil to which the application is made. 
It is apparent, therefore, that a study of the chemical and 
bacteriological effects of various kinds and amounts of lime ap-
plied on typical southern Iowa soils would prove of very large 
interest and value both from the technical and practical stand-
points. 
EXPERIMENTAL 
While most of the soils in southern Iowa are of loessial origin, 
there are considerable areas of drift or glacial soils. The entire 
area was once covered with a fine dust-like loessial deposit, but 
erosion has occurred to such an extent that in many areas the 
loessial material has been completely washed away leaving the 
underlying Kansan drift material exposed. These soils of drift 
origin are mainly included in the Shelby series. The soils on the 
loessial uplands are largely included in the Grundy series. 
Practically all these soils are acid in reaction and in need of lime. 
The most extensive upland soil in southern Iowa is the Grundy 
silt loam. It is a dark grayish-brown to almost black, friable silt 
loam, extending to a depth of about 12 inches. The subsurface 
soil to a depth of 18 to 20 inches is a brown to dark brown silty 
clay loam. The subsoil is a compact, heavy, silty clay to clay, 
light brown in color mottled with gray, yellow or yellowish-
brown. 
The Shelby loam occurs in the rougher sections in southern 
Iowa, and in some cases there are rather extensive areas of the type. 
The surface soil of this type is a brown to dark brown mellow 
loam, usually extending to a depth of 8 to 10 inches. The sub-
soil is a yellowish-brown, somewhat gritty silty clay, mottled with 
gray and rusty brown, changing at 24 to 30 inches into a mottled 
yellowish-brown, grayish-brown and gray, heavy silty clay con-
taining some gravel. Frequently lime-bearing material is fOllnd 
in the lower subsoil. 
In some of the experiments the Tama silt loam was also used. 
This is a soil type which is developed rather extensively in central 
and eastern Iowa. It occurs on the more gently undulating to 
slightly rolling uplands, frequently in extensive individual areas. 
This soil is a dark grayish-brown to almost black friable silt loam, 
extending to a depth of 12 to 18 inches. The subsurface soil is a 
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brown to light brown heavy silt loam or silty clay loam. The sub-
soil is a light brown or yellowish-brown compact or friable silty 
clay loam. Occasionally mottlings of brown and yellow are found 
in the lower subsoil. 
In the experiments reported in the following pages, tests were 
carried out on these three soil types in the greenhouse. Samples 
of typical Grundy silt loam and Shelby loam were secured from 
cultivated fields in Clarke County. A typical sample of Tama 
silt loam was secured in Marshall County. The tests conducted 
with these various soils are outlined and the results described in 
the several series which follow. 
SERIES 1. EFFECTS OF VARIOUS AMOUNTS OF CHEMICALLY 
PURE CALCIUM CARBONATE ON GRUNDY SILT 
LOAM, SHELBY LOAM AND TAMA SILT LOAM 
The objects of this experiment were twofold: (a) to determine 
the relationship between the initial lime requirements of samples 
of typical Grundy silt loam, Shelby loam and Tama silt loam and 
the amounts of chemicaJly pure calcium carbonate required after 
varying incubation periods to bring the reaction of the soils up to 
pH 7.0, and (b) to measure the effects of various amounts of pure 
calcium carbonate on the base exchange complex of the soils. 
Applications of chemically pure calcium carbonate were made 
to duplicate I-gallon pots of each soil at the rate of 1, 2, 3, 4, 5 
and 6 tons to 2 million pounds of soil. The soils were kept fallow 
and were allowed to incubate in the greenhouse for 6 months. 
Sufficient distilled water was added from time to time to keep the 
moisture content near the optimum for plant growth. Occasion-
ally the soils were stirred thoroughly to permit proper aeration 
and to keep them in good physical condition. . 
Before the applications were made, the lime requirements of 
the untreated soils were determined by a method similar to that 
used by Christensen and Jensen (14). Ten-gram samples of each 
soil were weighed out and placed in 22 small Erlenmeyer flasks . 
To duplicate samples 0.028 normal calcium hydroxide solution 
was added in amounts varying from 0 to 40 cc., increasing by 4 
cc. from one set of duplicate samples to the next. Sufficient dis-
tilled water was then added to each flask to bring the total volume 
of solution up to 40 cc. The flasks were stoppered and vigorously 
shaken at intervals during the day. 
After 24 hours, the pH of each sample was determined by the 
quinhydrone electrometric method recommended by Biilmann 
and Jensen (4) and previously used in this laboratory (49). The 
results of these determinations have been plotted on curves. 
These are shown in fig. 1. By interpolation of the curve the 
amounts of the calcium hydroxide solution necessary to bring the 
reaction of these soils up to pH 7.0 were calculated and from these 
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c.c. CIiI.C/II/YI 
Fig. 1. Titration curves for Grundy silt loam, Shelby loam and Tama silt loam . 
. data the lime requirements per acre of these soils were determined. 
These data are given in table I. 
The lime requirements of these soils were also determined by 
the thiocyanate solution test and these results are shown in table 
I. The percentages of colloidal material were determined by the 
hydrometer method of Bouyoucos (6), and the total carbon 
content of the soil was determined by the method of the As-
sociation of Official Agricultural Chemists (2). This method 
consists of measuring the weight of carbon dioxide given off from 
TABLE 1. LIME REQUIREMENT, PERCENTAGE OF COLLOIDAL MATERIAL AND 
CARBON CONTENT OF GRUNDY SILT LOAM, SHELBY LOAM AND 
TAMA SILT LOAM 
Lime requirement 
. Colloid content Carbon content 
Soils Titration curve Thiocyanate 
method method 
Tons per A. Tons per A. Percent Lh • . per A. 
Grundy silt loam 3.292 3.5 33.0 59,366 
Shelby loam 1.679 1.0 25.0 42,759 
Tama silt loam 2.127 2.0 28.5 42,868 
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the soil upon Qomplete combustion in a high temperature furnace. 
These results likewise appear in table I. 
The lime requirement determinations by the titration curve 
method show that the Grundy silt loam had a much greater 
requirement than the other soils-3.292 tons per acre. The Tama 
silt loam showed a requirement of 2.127 tons per acre and the 
Shelby loam a requirement of 1.679 tons per acre. 
The figures for the lime requirements of these soils determined 
by the thiocyanate method show a rather striking agreement with 
those obtained by the titration curve method. Since the thio-
cyanate test is merely a qualitative one, exact agreement with a 
quantitative method would not be expected. It appears that the 
results -by the two methods are remarkably similar. The curves 
shown in fig. 1 not only indicate the lime requirements of these 
soils but also reflect the buffer capacity of the soils. The curve 
for the Shelby loam is somewhat steeper than those for the other 
soils while that for the Grundy silt loam shows the least slope. 
These relationships seem to be directly related to the colloid con-
tent and carbon content of the soil. The data given in table I 
show that the Grundy silt loam contained the largest amount of 
colloids and also the highest carbon content. The titration curve 
for this soil had the least slope. The Shelby loam, which showed 
the steepest titration curve, had the smallest amount of colloids 
and total carbon of any of the soils. 
Undoubtedly the amount of colloidal material present and the 
content of total organic carbon has a very important influence 
upon the buffer capacity of soils. The correlation obtained from 
the studies between these factors and the titration curve indicate 
that the latter may serve as an excellent measure of the buffer 
capacity of soils. A further support for this suggestion is given 
later in the discussion of the base exchange capacity and the 
degree of saturation of the same soils with bases. 
EFFECTS OF VARIOUS AMOUNTS OF CHEMICALLY PURE 
CALCIUM CARBONATE ON HYDROGEN ION CON-
CENTRATION OF SOILS 
To determine the ratio between the amount of lime required 
to bring the reaction of these soils up to pH 7 by the laboratory 
titration curve method and that indicated as necessary when the 
same soils were treated with different amounts of calcium car-
bonate in the greenhouse, the soils which had been treated were 
sampled after 3 months' and again after 6 months' incubation. At 
each sampling, the hydrogen ion concentration of the soils was 
determined by the quinhydrone electrode method. The results 
secured at tlie two samplings are shown in table II. 
After 3 months' incubation the untreated Grundy silt loam had 
a pH of 5.19. With the 3-ton application of calcium carbonate, 
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Calcium carbonate Grundy .ilt loam 
applied 
Shelby loam Tama silt loam 
3 month. 6 month. 3 month. 6 months 3 months 6 month. 
Ton. per A pH pH pH pH pH pH 
None 5.19 5.32 5.68 5.59 5.26 4.94 
1 5.74 5.73 6.36 6.27 6.20 5.54 
2 6.38 5.94 7.12 6.85 6 . 73 6.29 
3 6 .80 6.49 7.56 7.23 7.06 6 . 71 
4 7.18 6.78 7.71 7.54 7 .58 7.11 
5 7.34 7 . 07 7 .93 7.71 7 . 70 7.41 
6 7.47 7.41 8.06 7 . 77 7 . 79 7 . 52 
the pH was 6.80 and with 4 tons it was 7.18. Evidently some-
where between 3 and 4 tons of calcium carbonate would be re-
quired to bring the reaction of this soil up to pH 7. The un-
treated Shelby loam, after 3 months' incubation, showed a pH of 
5.68. With 1 ton of calcium carbonate the pH was 6.36, and with 
2 tons, 7.12; hence, between 1 and 2 tons of the carbonate would 
be required to completely neutralize this soil. 
The untreated Tama silt loam showed a pH of 5.26 after in-
cubation for 3 months. With 2 tons ,of calcium carbonate ap-
plied, the pH was 6.73 and with 3 tons, 7.06. Somewhere between 
2 and 3 tons of calcium carbonate would, therefore, be required to 
neutralize this soil. 
The results of the hydrogen ion concentration determination 
on the soils after 6 months' incubation showed some variations 
from the results secured after 3 months. Except for the untreated 
soils, the Grundy silt loam appeared to be slightly more acid at 
the end of the 6 months' period. The pH of the untreated soil was 
5.32, while at the end of 3 months it was 5.19. With the 6-ton 
application of calcium carbonate the reaction of the soil was about 
the same as it was after 3 months. At the second sampling the 
results indicate that somewhere between 4 and 5 tons of calcium 
carbonate would have been required to completely neutralize the 
acidity 6 months after application while at the earlier date be-
tween 3 and 4 tons were indicated as necessary. 
The acidity of Shelby loam had increased in all the soils at the 
end of the 6 months' incubation period, but there was not as 
large a difference in the reaction of the untreated soil as in the 
case of the untreated Grundy and Tama soils. With 6 tons ·of 
calcium carbonate applied, however, the acidity had increased 
from a pH 8.06 after 3 months to a pH of 7.77 after 6 months. 
At this sampling the results indicate that between 2 and 3 tons 
of calcium carbonate would be necessary to neutralize the acidity. 
At the earlier sampling it was shown that between 1 and 2 tons 
were necessary to bring about neutralization. 
With the Tama silt loam there was an increase in acidity after 
72 
incubation for 6 months over that shown at the end of 3 months. 
In the untreated soil the reaction had changed from a pH of 5.26 
after 3 months to a pH of 4.94 after 6 months. Where 6 tons of 
calcium carbonate were applied, the pH at 6 months was 7.52 
while after 3 months it was 7.79. In the case of this soil, the 
amount of calcium carbonate required to bring about complete 
neutralization was shown to be somewhere between 3 and 4 tons 
per acre after incubation for 6 months while at the end of 3 
months, the amount required appeared to be somewhere between 
2 and 3 tons per acre. 
In order to secure a more accurate estimation of the amount of 
calcium carbonate necessary to bring the reaction of these soils 
up to pH 7, the results of the hydrogen ion concentration qeter-
mination have been plotted on curves. These are shown in 
figs. 2 and 3, giving the results after incubation for 3 months 
and 6 months, respectively. By interpolation of the curves, the 
amounts of calcium carbonate required to neutralize the soils 
were determined and the results secured are given in table III. 
TABLE III. RATIO OF AMOUNT OF LIME NECESSARY TO CHANGE REACTION 
OF SOILS TO pli 7 IN THE LABORATORY AND IN THE GREENHOUSE 3 AND 6 
MONTHS AFTER ADDITION OF PURE CALCIUM CARBONATE 
In the In the greenhouse 
Soils laboratory 
After 3 months After 6 months 
Tons Tons Ratio Tons Ratio 
Grundy silt loam 3 .292 3.50 1 : 1.06 4.73 1 : 1.43 
Shelby loam 1.680 1.86 1 : 1.10 2.33 1 : 1.38 
Tama silt loam 2.128 2.73 1 : 1.28 3.73 1 : 1. 75 
These data show that the soils required more calcium carbonate 
to bring the reaction up to pH 7, 6 months after treatment than 
they did 3· months after treatment, but the same relative lime 
requirements among the various soils are shown by the figures. 
The ratios of the amounts of lime required, as determined by 
the laboratory titration method and determined in the green-
house experiments for the two incubation periods, have been 
calculated and are also shown in the table. The ratios obtained 
for the three soils 3 months after treatment were fairly uniform 
ranging from 1.0 :1.06 to 1.0 :1.28. After 6 months, however, the 
ratios were wider and also varied considerably more than they did 
after 3 months. 
Two very significant conclus~ons may be drawn from these 
data. First, the ratio or "liming factor", as it has been called, 
depends largely upon the length of time the calcium carbonate is 
allowed to react on the soil previous to making the determination. 
In the case of the Grundy silt loam the ratio increased from 1 :1.06 
at the end of 3 months to 1 :1.43 at the end of 6 months. Similarly 
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Fig. 2. Changes in pH produced by pure calcium carbonate in Grundy silt loam, 
Shelby loam and Tama silt loam after 3 months' incubation in the greenhouse. 
in the case of the Shelby loam the ratio increased from 1 :1.10 to 
1 :1.38, and with the Tama silt loam from 1 :1.28 to 1:1.75 in the 
same period. Hence, determinations of the ratio of the amount 
of calcium carbonate necessary to bring the reaction of a soil up 
to a pH of 7 according to the laboratory titration method and in 
greenhouse experiments using various amounts of calcium car-
bonate, apparently depends very largely upon the length of time 
the calcium carbonate is allowed to react before determinations 
are made. 
It appears also in these data that the ratio or "liming factor" 
varies with different soils. After 3 months, the ratio for the 
Grundy silt loam was 1 :1.06; for the Shelby loam, 1 :1.10; for the 
Tama silt loam, 1 :1.28. Undoubtedly the physical and chemical 
properties of these soils will influence the ratio to a considerable 
extent. It is quite possible, therefore, that different liming factors 
would need to be established for each type or each series of soils, 
and it seems hardly likely that one general liming factor would be 
applicable to all soils. 
The liming factors, as determined in these experiments, are 
somewhat different from those obtained by Christensen and 
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Fig. 3. Changes ill pH produced by pure calcium carbonate in Grundy silt loam. 
Shelby loam and Tama silt loam ail-er 6 mont hs' incubation in the greenhouse. 
Jensen (14) and by Pierre and Worley (38). The former obtained 
a liming factor of 3, while Pierre and Worley secured a factor of 
about 1.5 as an average for 77 soils. Undoubtedly the chief reason 
for the large difference in these liming factors is that different 
metho'ds were employed. The former investigators conducted 
field experiments, while the latter employed greenhouse pot 
cultures. It could hardly be expected that the same liming 
factors would be obtained. Furthermore, the time of reaction 
and the physical and chemical composition of the liming material 
used, would need to be standardized before similar liming factors 
could be secured by different investigators. 
EFFECTS OF VARIOUS AMOUNTS OF CHEMICALLY PURE CALCIUM 
CARBONATE ON EXCHANGEABLE HYDROGEN, EX-
CHANGEABLE BASES AND DEGREE OF SAT-
URATION OF SOILS WITH BASES 
To determine the effects of the various additions of pure 
calcium carbonate on the exchangeable bases, exchangeable 
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hydrogen and the degree of saturation of the soils with bases, the 
soils were sampled after 6 months' incubation in the greenhouse, 
air dried and put through a 20-mesh sieve. They were then 
tested by the method of Parker (36) which was shown in some 
preliminary studies (50) to be the most satisfactory method for 
studies on base exchange. 
The method was carried out as follows: Ten grams of soil 
were leached with 250 cc. of neutral normal barium acetate solu-
tion in a Gooch crucible to replace all the exchangeable bases and 
hydrogen ions. The leachate was then titrated to pH 7 by adding 
dilute calcium hydroxide solution. The end point was deter-
mined by interpolation of curves drawn from the results of the 
electrometric titration. The soils remaining in the crucibles after 
leaching with barium acetate solution were again leached with 
250 cc. of neutral normal ammonium chloride solution to replace 
all the barium ions in the soil with ammonium ions. After com-
pletely saturating the base exchange complex with ammonium 
ions, the excess ammonium chloride of the soil was washed out by 
leaching with ethyl alcohol. The leachings were tested for chlor-
ides to determine the point of complete removal of occluded 
ammonium chloride. The soil was then transferred to Kjeldahl 
flasks when the amount of absorbed ammonium ions was deter-
mined by distillation after the addition of 5 grams of magnesium 
oxide. . 
The results of this determination give the base exchange capa-
city of the soil. By subtracting the amount of exchangeable 
hydrogen from the base exchange capacity, the amount of ex-
changeable bases of the soil was determined. The degree of 
saturation or the percentage of bases in the exchange complex 
was then calculated. All the results are expressed as milligram 
equivalents per hundred grams of soil, except those for the degree 
of saturation of the soils which are given in percentage. 
The results secured in the base exchange studies on the samples 
of the untreated and treated Grundy silt loam, 6 months after 
treatment in the greenhouse, are shown in table IV. As would 
TABLE IV. EFFECTS OF VARIOUS AMOUNTS OF PURE CALCIUM CARBONATE 
ON DEGREE OF SATURATION OF GRUNDY SILT LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Calcium carbonate Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases saturation 
TODs per A. M.E. M.E. M.E. Percent 
None 23.33 9.30 14.03 60.13 
1 24.02 7.29 16.73 69.65 
2 24.47 5 . 99 18 .48 75.52 
3 24.87 4.65 20.22 81.30 
4 24.98 3.66 21.32 85.35 
5 25.52 2.64 23.88 93.57 
6 25.69 1.15 24 . 54 95.52 
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be expected, the base exchange capacity of this soil was not 
changed very much by the additions of various amounts of 
calcium carbonate at the end of the 6 months' incubation period. 
There was a slight increase, however, from .23.33 M.E. for the 
untreated soil to 25.69 M.E. for the soils receiving 6 tons of 
calcium carbonate per acre. While the total increase was small, 
it is interesting to note that there was a very gradual incl'ease 
witp. the inc~reasing additions of calcium carbonate. 
The recent work of Schollenberger and Dreibelbis (41), how-
ever, has shown that the base exchange capacity of the soils which 
they studied was slightly increased as a result of liming. The 
work of Breazeale and Magistad (7) and of Truog (47) has also 
indicated that the base exchange capacity of soils may be in-
creased under certain specified . conditions. The presence of an 
alkaline reaction and the occurrence of dry weather are parti-
cularly favorable in this respect. It may be concluded from the 
data given here, therefore, that the base exchange capacity of 
this soil was increased somewhat as a result of treatment with 
pure calcium carbonate. It is not known how permanent this 
effect may be. 
The amount of exchangeable hydrogen in this soil decreased 
from 9.30 M.E. to 1.15 M.E. with the addition of 6 tons of 
calcium carbonate per acre, the decrease being gradual with each 
increasing addition of calcium carbonate. The application of 3 
tons of calcium carbonate per acre, the approximate. lime re-
quirement of the soil, decreased the exchangeable hydrogen to 
4.65 M.E. This is about half of the amount shown in the un-
treated soil. 
As the amount of exchangeable bases in the soils was deter-
mined by subtracting the exchangeable hydrogen from the ex-
change capacity, the amount indicated as present in the soil 
increased with the increasing applications of calcium carbonate 
in the same proportion as the amount of exchangeable hydrogen 
decreased. The untreated Grundy silt loam showed 14.03 M.E. 
of exchangeable bases while the same soil treated with calcium 
carbonate at the rate of 6 tons per acre had a content of 24.54 M.E 
of exchangeable bases. 
The relationship of exchangeable bases to exchange capacity 
is best shown by the figures for the degree of saturation. The 
untreated Grundy silt loam showed a 60.13 percent saturation 
with bases. One ton of calcium carbonate per acre increased this 
value to 69.65 percent. With an addition of 3 tons of calcium 
carbonate per acre, there was an increase to 81.30 percent and 
with 6 tons of calcium carbonate, an increase to 95.52 percent. 
Thus with 6 tons of calcium carbonate applied per acre, the de-
gree of saturation of the soil was increased somewhat more than 
35 percent, but the exchange complex was not completely 
saturated with bases. 
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TABLE V. EFFECTS OF VARIOUS AMOUNTS OF PURE CALCIUM CARBONATE 
ON DEGREE OF SATURATION OF SHELBY LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Calcium carbonate Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases saturation 
Tons per A. M.E. M.E. M.E. Percent 
None 18 .66 6.75 11. 91 63.82 
1 18.77 4.98 13 .79 73.46 
2 18.83 3.73 15 . 10 80.19 
3 19.43 2.42 17 .01 87.54 
4 19.60 1.40 18.20 92.86 
5 19 .93 0.28 19 .55 98.09 
6 19.60 0.00 19 .60 100 .00 
The results of the base exchange determinations on the Shelby 
loam after treatment with calcium carbonate for 6 months are 
shown in table V. This soil showed a much smaller base exchange 
capacity than the untreated Grundy silt loam. With the Shelby 
loam the figure obtained was 18.66 M.E., while with the Grundy 
silt loam it was 23.33 M .E. The base exchange capacity of this 
soil was also slightly increased by applications of various amounts 
of lime. The addition of calcium carbonate at the rate of 6 tons 
per acre showed an exchange capacity of 19.60 M.E. 
There was less exchangeable hydrogen in this soil than in the 
Grundy silt loam, 6.75 M.E. being found per 100 grams of soil 
in this type, while there was 9.30 M.E. exchangeable hydrogen 
present in the untreated Grundy silt loam. The application of 
calcium carbonate at the rate of 5 tons per acre almost completely 
replaced the exchangeable hydrogen, and it was all replaced by 
the 6-ton application. 
The amount of exchangeable bases in this soil was increased 
gradually with the increasing applications of calcium carbonate 
from 11.91 M.E. in the untreated soil to 19.60 M.E. with the 6-ton 
application of the carbonates. The untreated soil was 63 .82 per-
cent saturated with bases. This was just a little higher than the 
degree of saturation of the Grundy silt loam. The application 
of calcium carbonate at the rate of 5 tons per acre increased the 
degree of saturation up to 98.09 percent, while the application 
at the rate of 6 tons per acre had completely saturated the soil 
with bases at the end of the 6 months' incubation period. 
The results of the analyses of the Tama silt loam 6 months 
after treatment with various amounts of pure calcium carbonate 
are shown in table VI. The untreated soil showed a base exchange 
capacity of 20.13 M .E. per 100 grams of soil. As was noted in the 
case of the Grundy silt loam and the Shelby loam, this value was 
slightly increased by the addition of increasing amounts of calcium 
carbonate. With the 6-ton application of this material, the base 
exchange capacity was found to be 21.56 M.E. 
In the untreated soil, there were 8.26 M .E. of exchangeable 
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TABLE VI. EFFECTS OF VARIOUS AMOUNTS OF PURE CALCIUM CARBONATE 
ON DEGREE OF SATURATION OF TAMA SILT LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Calcium carbonate Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases satura.tion 
Tons per A. M.E. M.E. M.E. Percent 
None 20.13 8.26 11.87 58.95 
1 20.35 6.03 14 .32 70.36 
2 20.58 5.03 15.55 75 . 63 
3 20.90 3.27 17.62 84.33 
4 20.91 1.90 19.01 91.34 
5 21.33 0 .00 21.33 100.00 
6 21.56 0.00 21.56 100 . 00 
hydrogen per 100 grams of soil. Calcium carbonate at the rate 
of 5 tons per acre, completely replaced all the exchangeable hy-
drogen. In the untreated soil there were 11.87 M.E. of ex-
changeable bases per 100 grams of soil. The amount increased 
gradually with the applications of calcium carbonate showing 
a total content of 21.56 M.E. of exchangeable bases with the 
application of 6 tons of calcium carbonate per acre. The degree 
of saturation of the untreated soils was 58.95 percent. The 
addition of calcium carbonate increased the saturation of the soil 
and with the application of 5 tons per acre, the base exchange 
complex was completely saturated. 
Comparing these results with the curves for pH in figs. 2 and 3, 
it will be noted that there is a close relationship between the base 
exchange capacity and the amount of lime necessary to neutralize 
completely the acidity of the soil. The Shelby loam shows the 
smallest base exchange capacity and total content of exchange-
able hydrogen, and it requires the smallest amount of calcium 
carbonate to bring the reaction up to pH 7. With the Grundy 
silt loam the results were exactly opposite. It had the largest 
base exchange capacity, largest content of exchangeable hydrogen 
and it required the largest amount of calcium carbonate to bring 
the reaction up to pH 7. 
These data indicate that the base exchange capacity of soils is 
very closely related to the content of colloidal matter and or-
ganic carbon. It is also apparent that the hydrogen ion concen-
tration of the soil is certainly closely associated with or de-
pendent upon the exchangeable hydrogen, and the relative pro-
portion of exchangeable hydrogen to the base exchange capacity 
of the soil. This was emphasized in an earlier report by Walker, 
Firkins and Brown (50). All these factors certainly have an in-
fluence upon the buffer capacity of the soil and there is such a 
close relationship between these factors and the titration curve 
that it seems apparent that the titration curve should serve as a 
good indication of the buffer action of the soil. 
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SERIES II. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN 
LIMESTONE ON GRUNDY SILT LOAM, SHELBY 
LOAM AND TAMA SILT LOAM 
The plan of this experiment was similar to that carried out in 
Series I except that in this case quarry-run limestone was employ-
ed instead of pure calcium carbonate. It was proposed to deter-
mine the relationship between the lime requirements of Grundy 
silt loam, Shelby loam and Tama silt loam at the beginning of the 
experiment and the amounts of quarry-run limestone actually 
required to bring the reaction of the soils up to pH 7. The effect 
of the various applications of quarry-run limestone on the base 
exchange complex of the soils was also to be determined. 
The lime requirements of the soils used in this experiment, as 
determined by the laboratory titration method, were shown in 
table I. Quarry-run limestone was added to the soils at the rates 
of~, 1, 2 and 3 times the lime requirements. The actual amounts 
in tons per acre added to the different soils are shown in table 
VII. 
TABLE VII. AMOUNTS OF QUARRY-RUN LIMESTONE APPLIED PER ACRE 
CORRESPONDING TO APPLICATIONS OF PURE CALCIUM CARBONATE 
, Grundy silt loam Shelby loam Tama silt loam 
Tons per A. Tons per A. Tons per A. 
~ requirement 1.646 0.839 1.063 
1 requirement 3.292 1.679 2.127 
2 requirement 6.584 3.358 4 .254 
3 requirement 9.876 5.037 6.381 
The mechanical analysis of the limestone was as follows: 
Larger than IO-mesh-22.3 percent 
Between 10 and 40-mesh-33.7 percent 
Between 40 and 100-mesh-ll.6 percent 
Smaller than 100-mesh-32.3 percent 
As the limestone used in the experiment was only 78.5 percent 
pure calcium- carbonate, it was necessary to supply an additional 
amount to each soil in order to bring the application up to an 
amount equivalent to the 100 percent calcium carbonate used in 
the previous test. 
The various soils were weighed out into I-gallon earthenware 
pots in the greenhouse, and applications of the various amounts 
of quarry-run limestone were made to duplicate pots of each soil. 
Distilled water was added as necessary to keep the soils moist and 
near the optimum for plant growth. The soils were kept fallow 
in the greenhouse for 6 months. At the end of 3 months, samples 
were drawn for analyses and then again after 6 months. The 
hydrogen ion concentration determinations were made on the 
soils at each sampling and the amounts of exchangeable hydrogen 
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and the base exchange capacity of the soils were determined on 
the samples taken 6 months after treatment. The methods em-
ployed in all these determinations were the same as those des-
scribed in Series 1. 
TABLE VIII. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE 
ON HYDROGEN ION CONCENTRATION OF GRUNDY SILT LOAM, SHELBY LOAM 
AND TAMA SILT LOAM 3 AND 6 MONTHS AFTER TREATMENT 
Limestone Grundy silt loam 
applied 
Shelby loam Tama silt loam 
3 months 6 months 3 months 6 months 3 montha 6 month. 
Per acre pH pH pH pH pH pH 
None 5.19 5.32 5.68 5.59 5.26 4.94 
.31i requirement 5.60 5.36 6.10 5.76 5.50 5.33 
1 requirement 5.80 5.59 6.11 6.03 5.70 5.63 
2 requirement 6.14 6.01 6.64 6.40 6.15 5.99 
3 .requirement 6.65 6.45 6 .87 6.60 6.53 6.31 
The results of the hydrogen ion concentration determinations 
made after 3 months and 6 months are shown in table VIII. 
Three months after treatment the pH of the Grundy silt loam 
was raised from 5.19 in the untreated soil to 5.80 with the addi-
tion of sufficient quarry-run limestone to meet the lime require-
ment, and to 6.65 by three times that amount. With the Shelby 
loam, the pH was raised from 5.68 in the untreated soil to 6.11 by 
the application of lime in a sufficient amount to meet the lime 
requirement, and to 6.87 by three times that application. The 
pH of the untreated Tama silt loam was 5.26. This was increased 
to 5.70 by the addition of just enough lime to neutralize the 
acidity (one lime requirement) and to 6.53 by three times that 
amount. In no case was the reaction of the soil brought up to pH 
7. These results indicate that the quarry-run limestone was not 
nearly so effective in neutralizing the soil acidity as was the 
chemically pure calcium carbonate tested in the previous series. 
The data secured in this experiment are shown graphically in 
fig. 4. The curves show the same relative differences between 
the various soils as were indicated in fig. 2 which showed the 
results when the soils were treated with pure calcium carbonate. 
Somewhat greater changes were effected in the reaction of the 
Shelby loam than in the Grundy silt loam by the same amount of 
limestone applied. 
The results of the hydrogen ion concentration determinations 
6 months after treatment show that the reaction of the Grundy 
silt loam increased from pH 5.32 in the unlimed soil to pH 5.59 
where sufficient lime was applied to meet the lime requirement, 
and to pH 6.45 when three times the amount of lime needed·to 
meet the requirement was used. The pH of the unlimed Shelby 
loam after 6 months was 5.59. The addition of lime equivalent 
to one lime requirement increased this value to pH 6.03 and three 
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times the amount of lime required to meet the actual requirement 
brought the reaction up to pH 6.60. 
With the unlimed Tama silt loam the pH was 4.94. This was 
increased to pH 5.63 by the addition of sufficient quarry-run 
limestone to meet the lime requirement, and to 6.31 by the ap-
plication of three times the amount necessary to meet the lime 
requirement. 
In none of the soils was the reaction brought up to pH 7. This 
was true even where more than 9 tons of the quarry-run lime-
stone were added to the Grundy silt loam, and more than 6 tons 
to the Tama silt loam. Possibly sufficient lime had not been 
brought into solution at the end of this incubation period to 
neutralize the acidity of the soil. . 
The results of the hydrogen ion concentration determinations 
after 6 months' incubation are shown graphically in fig. 5. Very 
much the same relationship appears here as was noted in figs. 2,3 
and 4. Considerably less lime was required to bring the reaction 
of the Shelby loam to a definite pH value than in the case of the 
other two soils. The Grundy silt loam required the most lime to 
bring it to a certain pH value. 
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Fig. 4. Changes in pH produced by quarry-run limestone in Grundy silt loam. 
Shelby loam and Tama silt loam after 3 months' incubation in the greenhouse. 
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Fig. 5. Changes in pH produced by quarry-run limestone in Grundy silt loam. 
Shelby loam and Tama silt loam after 6 months' incubation in the greenhouse. 
An attempt was made to secure a more accurate indication of 
the amount of quarry-run limestone needed to bring the reaction 
of these soils Up to pH 7. The curves in figs. 4 and 5 were ex-
tended beyond the pH 7 line and the. figures obtained by ex-
trapolation of the curves are shown in table IX. The table also 
gives the ratio of the amount of quarry-run limestone required 
to bring the reaction up to pH 7 according to the laboratory titra-
tior: method compared with the results secured with treatment 
with various amounts of limestone in the greenhouse. 
According to the determination of the reaction of the Grundy 
TABLE IX. RATIO OF THE AMOUNT OF LIME NECESSARY TO CHANGE RE-
ACTION OF SOILS TO pH 7 IN THE LABORATORY BY TITRATION 
AND IN THE GREENHOUSE 3 AND 6 MONTHS AFTER 
ADDITION OF QUARRY-RUN LIMESTONE 
In the In the greenhouse i·" Soil. laboratory 
\ . 
After 3 months After 6 months 
Tons Tons R a tio · Tons Ratio 
Grundy silt loam 3.292 12 . 6 1 : 3.82 
I 
14.1 1 : 4.28 
Shelby loam L680 5 . 7 1 : 3.39 7.6 1: 4.52 
Tama silt loam 2.128 9 . 3 1: 4.37 12 . 0 1 : 5.64 
83 
silt loam treated with various amounts of quarry-run limestone, 
3 months after treatment, over 12 tons of lime would have been 
necessary to br..ing the reaction up to pH 7. This was 3.82 times 
the lime requirement determined by the titration method. This 
figure gives the liming ratio or liming factor as it was called by 
Christensen and Jensen (14). The Shelby loam would have re-
quired 3.39 times, and the Tama silt loam 4.37 times the amount 
of lime shown to be necessary a,ccording to the laboratory titra-
tion method. 
Six months after treatment these ratios were even wider. The 
Grundy silt loam would have required 4.28, the Shelby loam 4.52 
times, the Tama silt loam 5.64 times the amount of lime indicated 
by the laboratory titration method. The greater ratio 6 months 
after treatment than after 3 months was also shown in table III. 
It may be noted that these ratios were considerably wider than 
those secured when pure calcium carbonate was applied to these 
same soils. In the latter case, the ratio was usually between 1 :1.00 
and 1 :1.50, but where the quarry-run limestone was used, the 
narrowest ratio was 1 :3.82 and the widest was from 1 :5.64. The 
results certainly indicate that the ratio or liming factor depends 
to a considerable extent upon the kind of liming material used in 
the determination as well as upon the length of time the lime is 
allowed to react with the soil before making the deteqnination. 
The ratios or liming factors secured in this experiment with 
quarry-run limestone were greater than the factors secured by 
Christensen and Jensen (14). Their figure was 3. The factors 
secured in this work were much nearer that of Christensen and 
Jensen, however, than were those secured by Pierre and Worley 
(38). Pierre and Worley used chemically pure calcium carbonate 
and carried out their experiments in the greenhouse while 
Christensen and Jensen undoubtedly used quarry-run limestone 
in their tests. The ratios secured in the experiments reported 
here when pure calcium carbonate was used in the greenhouse 
correspond more closely to the figures given by Pierre and 
Worley. 
These results indicate the effect of the different amounts of 
liming materials upon the hydrogen ion concentration of the soils 
and emphasize the importance of standardizing the kind of lime 
employed, its composition, and the length of time it is allowed to 
react with the soil in any method for the determination of the 
liming factor or ratio. 
EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE ON 
EXCHANGEABLE HYDROGE~, EXCHANGEABLE BASES 
AND DEGREE OF SATURATION OF SOILS 
WITH BASES 
Determinations were made of the amounts of exchangeable 
hydrogen and of the base exchange capacity of the soils on samples 
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TABLE X. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE 
ON DEGREE OF SATURATION OF GRUNDY SILT LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Limestone Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases saturation 
M.E. M.E. M.E. Percent 
None 23.33 9.30 14.03 60.13 
,!.'2 requirement 24.72 8.46 16.26 65.77 
1 requirement 24.62 7.10 17.52 7l.16 
2 requirement 24.67 5.90 18.77 76.08 
3 requirement 24.67 4.22 20.45 82.89 
drawn 6 months after treatment. The results secured in the 
analyses of these soils are shown in table X for the Grundy silt 
loam, in table XI for the Shelby loam and in table XII for the 
Tama silt loam. 
TABLE XI. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE 
ON DEGREE OF SATURATION OF SHELBY LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Limestqne Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases saturation 
M.E. M.E. M.E. Percent 
None 18.66 6.75 1l.91 63.82 
Y2 requirement 18.86 6.15 12.71 67.39 
1 requirement 18.81 5.31 13.50 7l. 77 
2 requirement 19.07 4.74 14.33 75.14 
3 requirement 18.73 3.82 14.91 79 . 60 
The base exchange capacity of the untreated Grundy silt loam 
was 23.33 M.E. per 100 grams of soil. This value was increased 
slightly with applications of limestone, the largest addition 
raising it to 24.67 M.E. The exchangeable hydrogen was redu·ced 
from 9.30 M.E. in the untreated soil to 4.22 where sufficient 
quarry-run limestone was applied to correspond to three times 
the lime requirement. The amount of exchangeable bases was 
increased in direct proportion to the decrease in exchangeable 
hydrogen. 
The degree of saturation of the soil with bases was increased 
from 60.13 percent in the untreated soil to 71.16 percent when 
TABLE XII. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE 
ON DEGREE OF SATURATION OF TAMA SILT LOAM WITH BASES 
6 MONTHS AFTER TREATMENT 
Limestone Exchange Exchangeable Exchangeable Degree of 
applied capacity hydrogen bases saturation 
M . E. M.E. M.E. Percent 
None 20.13 8.26 11.87 58.95 
% requirement 19.87 5.98 13.89 69.91 
1 requirement 19.93 6.03 13.90 69.75 
2 requirement 19 . 60 5.03 14.57 74.33 
3 requirement 19 .32 3 . 99 15.33 79 . 35 
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sufficient lime was added to meet the lime requirement and to 
82.89 percent when lime was added equivalent to three times the 
lime requirement. 
The untreated Shelby loam showed a base exchange capacity 
of 18.66 M.E. per 100 grams of soil. The application of lime in-
creased this value slightly, reaching a maximum of 19.07 M.E. 
The exchangeable hydrogen in the untreated soil was 6.75 M . E.; 
this was reduced to 3.82 M.E. by the addition of quarry-run lime-
stone applied at the rate of three times the lime requirement. The 
amount of exchangeable bases was correspondingly increased by 
the application of limestone. The degree of saturation of the 
untreated soil was 63.82 percent. The base exchange capacity 
of the soil treated with limestone equivalent to one lime require-
ment was 71.77 percent, and when three times that amount of 
lime was applied it was 79.60 percent saturated with bases. 
In the case of the untreated Tama silt loam the base exchange 
capacity was 20.13 M.E. per 100 grams of soil. The addition of 
quarry-run limestone slightly reduced this value, there being al-
most 1 M.E. difference between the lowest figure secured and 
that obtained in the untreated soil. This is the only case where 
applications of lime did not bring about an increase in the base 
exchange capacity of the soil. Apparently the lime reacted dif-
ferently with this soil than it did with the Grundy silt loam or the 
Shelby loam. No large differences are apparent and while the 
discrepancy may be due to errors in the determination it seems 
hardly likely that similar errors would appear with all the treat-
ments. It is much more probable that the figures actually re-
present the effect of lime on this flarticular soil. 
The content of exchangeable hydrogen in this soil was de-
creased by the application of the quarry-run limestone from 8.26 
M.E. in the untreated soil to 6.03 M.E. in the soil treated with 
sufficient limestone to meet the lime requirement and to 3.99 
M.E. with limestone applied equivalent to three times the lime 
requirement. The amount of exchangeable bases was increased 
in direct proportion to the decrease in exchangeable hy.drogen. 
The untreated soil showed a content of 11.87 M.E. of exchangeable 
bases per 100 grams of soil. This was increased to 15.33 M.E. by 
the addition of the largest amount of limestone. 
The base exchange capacity of the Tama silt loam was 58.95 
percent saturated in the untreated soils. With quarry-run lime-
stone applied at the rate of one lime requirement, the degree of 
saturation was increased to 69.75 percent, and with an amount 
equivalent to three times the lime requirenl"Emt, the value was 
increased to 79.35 percent. 
It is apparent from these data that limestone reacts somewhat 
differently with the base exchange complex of different soils. 
When the Grundy silt loam had received limestone at the rate of 
about 10 tons per acre, it still contained 4.22 M.E. exchangeable 
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hydrogen per 100 grams of soil, and the base exchange complex 
was only 82.89 percent saturated with bases. The Shelby loam 
and the Tama silt loam, however, had slightly less than 4 M.E. 
of exchangeable hydrogen per 100 grams of soil after the addition 
of about 5 and a little more than 6 tons of limestone, respectively. 
At the same time, the base exchange capacity of these soils was 
only slightly higher than 79 percent saturated with bases. 
When the Grundy silt loam received an adi:iition of about 10 
tons of limestone it showed a higher content of exchangeable 
hydrogen than did the Shelby and Tama soils with a smaller ad-
dition of limestone. The degree of saturation with bases was 
higher in the Grundy, however, than in the other soils. This is 
explained by the fact that the Grundy silt loam has a higher base 
exchange or absorptive capacity than the other soils; hence, more 
exchangeable hydrogen may be held in the exchange complex and 
still the soil will show a higher degree of saturation. It is quite 
possible that crop plants and microorganisms in this soil may 
tolerate a larger amount of exchangeable hydrogen than they 
would in the other soils. 
A close relationship appears between the data secured in the 
base exchange studies and those obtained in the hydrogen ion 
concentration determinations. It appears, therefore, that the 
base exchange data may serve as another indication of the buffer 
capacity of soils. In fact, it is believed that no better picture of 
the buffer action of the soil can be secured than that shown by 
the amount of exchangeable hydrogen, exchangeable bases and 
the degree of saturation of the soil after treatment with various 
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Fig. 6. Comparison of the effects of chemically pure calcium carbonate and quar-
ry-run limestone on the degree of saturation of Grundy silt loam. 
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Fig. 7. Comparison of the effects of 
chemically pure calcium carbonate and 
quarry-run limestone on the degree of 
saturation of Shelby loam. 
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amounts of limestone of dif-
ferent degrees of fineness. 
Comparing the effect of pure 
calcium carbonate and quarry-
run limestone on the changes 
brought about on the degree 
of saturation of the various 
soils with bases, it is appar-
ent that the pure calcium car-
bonate was more effective 
during the 6 months in which 
the experiments were con-
ducted. The comparison for 
the three soils is shown defi-
nitely in figs. 6, 7 and 8. The 
addition of 372 tons of pure 
calcium carbonate increased the degree of saturation of the Grun-
dy silt loam to just about the same extent as did 10 tons of the 
quarry-run limestone. Two tons of pure calcium carbonate ap-
plied to the Shelby loam increased the degree of saturation 
slightly more than did 5 tons of the quarry-run material. With 
the Tama silt loam, it re-
quired about 672 tons of the 
quarry-run limestone to bring 
about as large an increase in 
the degree of saturation as 
was shown by about 272 tons 
of the pure calcium carbon-
ate. 
It is apparent, therefore, 
that it requires about two and 
one-half to three times as 
much quarry-run limestone 
as of the pure calcium car-
bonate to bring about the 
same increase in the degree of 
saturation in these soils. These 
10D 
Fig. 8. Comparison of the effects of 
chemically pure calcium carbonate and 
Quarry-run limestone on the degree of 
saturation of Tama silt loam. 
results indicate clearly that the degree of fineness of the lime 
used, and undoubtedly also the chemical composition of the ma-
terial have a large influence on its reaction with the base ex-
change complex of soils. 
SERIES III. EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN 
LIMESTONE ON GRUNDY SILT LOAM 
This experiment was planned to determine the effects of various 
amounts of quarry-run limestone on the Grundy silt loam. In this 
test, studies were made of the effects of the limestones applied in 
varying amounts upon the bacterial activities in the soil and upon 
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crop yields, as well as upon the changes in reaction. The in-
fluence of the limestone on the base exchange complex was not 
studied in this test. 
The soil was weighed out in glazed pots in the greenhouse, and 
duplicate pots were treated with quarry-run limestone of the same 
composition as that used in the experiments described under 
Series II at the rate of 1, 2, 3, 4, 5 and 6 tons per acre. Two pots 
were left untreated for checks. Two series of these treatments 
were made, one being kept fallow so that samples might be 
drawn for chemical and bacteriological tests at regular intervals, 
the other series being seeded to wheat and sweet clover. 
The lime requirement of the original soil was determined by 
the titration curve method as described under Series 1. The 
results of this determination have been plotted and are shown in 
fig. 9. It appears from this figure that it required 24.6 cc. of the 
calcium hydroxide solution to bring the reaction of the soil up to 
pH 7. This amount of calcium hydroxide is equivalent to 7,163.5 
pounds of calcium carbonate per 2 million pounds of soil. It 
would be equivalent to 3.58 tons of 100 percent pure limestone. 
The lime requirement of the soil was also determined by the 
thiocyanate and the Truog methods, and in both tests about 372 
tons of limestone per acre were shown to be necessary. Thus 
there was very close agreement between the figures secured by 
the laboratory titration curve method and the qualitative test 
for the lime requirement of the soil. 
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Fig. 9. The amou.nt of calcium hydroxide (0.02912 N) required to bring the reac-
tion of Grundy silt loam up to pH 7. 
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EFFECTS OF VARIOUS AMOUNTS OF QUARRY- RUN LIMESTONE 
ON REACTION OF GRUNDY SILT LOAM 
The reaction of the soils in the fallow series was determined by 
the quinhydrone electrometric method at various intervals after 
treatment. The reaction of the cropped soils was also determined 
1 year after treatment, after the crop of sweet clover had been 
harvested. The results of these analyses appear in table XIII. 
TABLE XIII. REACTION OF GRUNDY SILT LOAM AT DIFFERENT INTERVALS 
AFTER APPLICATION OF VARIOUS AMOUNTS OF QUARRY-RUN 
LIMESTONE IN THE GREENHOUSE 
Amount of lime pH of fallow soil at various intervals after treatment pH of crop-
applied per acre ped Boil 1 
1 mo. 1~ mo. 2 mo. 3 mo. 4mo. year after 
treatment 
None 5.56 5.32 5.11 5.27 5.09 5.27 
1 5.71 5.43 5.35 5.52 5.33 5.62 
2 5.91 5.55 5.50 5.69 5.38 5.76 
3 6 . 10 5.84 5.57 5.91 5.79 6.12 
4 6.02 5.69 5.66 5.89 5.64 6.17 
5 6.30 5.99 5.89 6.06 5 .88 6.31 
6 6.40 6.00 5.92 6.20 5.98 6.60 
It is apparent fFom these results that there was a gradual in-
crease in the pH of this soil with the increasing applications of the 
quarry-run limestone. After 1 month, the reaction of the un-
treated soil was pH 5.56. With 6 tons of limestone, the pH was 
6.40. After 4 months in the greenhouse, the pH of the untreated 
soil was 5.09. That of the soil treated with limestone at the rate 
of 6 tons per acre was 5.98. After 1 year, the untreated cropped 
soil had a pH value of 5.27, and the soil receiving limestone at the 
rate of 6 tons per acre showed a pH of 6.60. 
Some of the results have been plotted and the curves extra-
polated in order to determine the amount of lime that would be 
necessary to bring the reaction of the soil up to pH 7 at various 
times after treatment. These curves appear in fig. 10. It is 
apparent from them that much more than 6 tons of limestone per 
acre would have been necessary to bring the reaction of this soil 
up to pH 7 at any time when the analyses were made. At the end 
of 1 month, about 11 tons of lime would have been necessary. 
At the end of 4 months, considerably more would have been re-
quired. After a year, during which time more of the lime had 
undoubtedly reacted with the soil, between 8 and 9 tons of lime 
would have been sufficient to bring the reaction up to pH 7. 
These data further emphasize the great importance of the time 
element in the reaction of limestone with acid soil. 
Calculations were not made of the ratio between the amount 
of lime required to bring the reaction of the soil up to pH 7 in the 
the laboratory titration method and that necessary in the green-
house experiments. It will be seen, however, that this ratio 
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Fig-. 10. The changes produced in the reaction of Grundy silt loam at different 
intervals after the application of various amounts of quarry-run limestone in the 
greenhouse. 
would have been about 3 at the end of the first month, and about 
2.5 after a year. This figure is somewhat lower than the liming 
factor secured by Christensen and Jensen (14), and again it 
should be emphasized that this variation in the liming factor may 
have been due to the fact tp.at these experiments were conducted 
in the greenhouse while Christensen and Jensen worked in the 
field. ,The time factor was also undoubtedly different in the two 
experiments. 
EFFECTS OF VARIOUS AMOUNTS OF QUARRY-RUN LIMESTONE ON 
NITRIFICATION IN GRUNDY SILT LOAM 
The effect of the various additions of quarry-run limestone 
to this soil on nitrification was determined on samples drawn from 
the fallow soils 1, 2 and 4 months after treatment. The method 
employed in determining the nitrifying power of the soil was very 
much the same as that proposed by Waksman (48). Six portions 
of fresh soil equivalent to 100 grams of air-dry soil from each 
treated pot were weighed out into tumblers. To the soil in four 
of these tumblers, 30 milligrams of nitrogen were added in the 
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form of ammonium sulfate. To each of two tumblers of soil re-
ceiving the ammonium sulfate, 210 milligrams of c.p. calcium 
carbonate were also added. Two of the soils in the tumblers re-
mained untreated. All received sufficient moisture to bring the 
content up to the optimum for nitrification. The tumblers were 
covered loosely and incubated for 4 weeks at about 25°C. At 
the end of the incubation period, the nitrate nitrogen content was 
determined by the phenodisulfonic acid method as modified by 
Harper (21). 
TABLE XIV. PARTS PER MILLION OF NITRATE NITROGEN PRODUCED IN 
GRUNDY SILT LOAM 1 MONTH AFTER APPLICATION OF VARIOUS 
AMOUNTS OF QUARRY-RUN LIMESTONE 
Amount of lime Nitrification of Boil's Nitrification of ammonium Bulfate 
applied per acre; tons own nitrogen 
30 mgm. (NH.),SO. 30 mgm. (NH.)'SO. 
plu. 210 mgm. CaCO. 
None 28.5 139 271 
1 27.7 172 290 
2 30.2 242 302 
3 28.7 284 313 
4 33.1 266 315 
5 31.0 348 370 
6 30.4 362 378 
The results of the nitrification tests are shown in tables XIV, 
XV and XVI. The data show 'the nitrifying power of this soil 
under the various additions of limestone. Nitrification is measur-
ed by the transformation of the soil's own nitrogen, by the nitrate 
production from ammonium sulfate, and by the formation of 
nitrates from ammonium sulfate in the presence of sufficient cal-
cium carbonate to neutralize all the acids produced by a complete 
oxidation of the nitrogen and sulfur in the ammonium sulfate. 
It is apparent from these data that the addition of limestone 
tended to increase the nitrification of the soil's own nitrogen. 
The increase was definite but not large due probably to the lack 
of sufficient nitrogenous material in the soil to bring about a large 
nitrification. In the tests in which ammonium sulfate was added 
to the soils, considerably larger amounts of nitrate nitrogen were 
TABLE XV. PARTS PER MILLION OF NITRATE NITROGEN PRODUCED IN 
GRUNDY SILT LOAM 2 MONTHS AFTER APPLICATION OF VARIOUS 
AMOUNTS OF QUARRY-RUN LIMESTONE 
Amount of lime Nitrification of Boil's Nitrification of ammonium sulfate 
applied per acre; tons own nitrogen 
30 mgm. (NH.loSO. 30 mgm. (NH.). SO. 
plus 210 mgm. CaCO. 
Non 41.1 122 358 
1 38.0 173 387 
2 37.9 186 366 
3 39.2 211 383 
4 38.2 2,.~ 371 
5 39.8 267 377 
6 41.8 306 389 
TABLE XVI. PARTS PER MILLION 
OF NITRATE NITROGEN PRO-
DUCED IN GRUNDY SILT LOAM 
4 MONTHS AFTER APPLICATION 
OF VARIOUS AMOUNTS OF QUAR-
RY-RUN LIMESTONE 
92 
produced and the effects of the 
various applications of limestone 
were shown very definitely. In the 
samples taken 1 month after treat-
ment there were 139 parts per mil-
Amount of lime Nitrification of lion of the nitrate nitrogen in the 
applied per acre; ammonium sulfate 
in tons (30 mgm. added) soil which received no limestone. 
None 
1 
2 
3 
4 
' 5 
6 
187 
238 
233 
276 
247 
292 
294 
In the soils treated with limestone, 
the amount of nitrates had in-
creased with each additional appli-
cation until the soil treated with 
lime at the rate of 6 tons per acre 
contained 362 parts per million. 
The results secured in the tests of 
the samples taken 2 and 4 months after treatment showed very 
similar effects from the additions of the limestone. 
In the test in which calcium carbonate was added to the soils 
with the ammonium sulfate, the amount of nitrate nitrogen 
produced was even greater than in the soils which did not receive 
calcium carbonate. In the untreated soils at the first sampling, 
there was an average of 271 parts per million of nitrate nitrogen 
produced. This amount was increased up to as high as 378 parts 
per million in the soil which had received quarry-run limestone at 
the rate of 6 tons per acre. 
While the effects of the limestone on this type of soil are 
evidenced in the nitrification 
tests carried out by the var-
ious methods, the results are 
much more definite in the 
tests in which ammonium sul-
fate alone was added to the 
soil. This has been pointed 
out previously in a paper by 
Walker and Thompson (52) 
and is illustrated by the graph 
in fig. 11. 
It is apparent from these 
curves that the amount of 
nitrates produced from the 
soil's own nitrogen is limited 
by a deficiency of available 
ammonium compounds. In 
the tumblers receiving cal-
cium carbonate with the am-
monium sulfate, the effect of 
the calcium carbonate added 
was great enough to mask 
the influence of the original 
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Fig. 11. Nitrifying power of Grundy 
silt loam after treatment with various 
amounts of quarry-run limestone. (A) 
Nitrification of soil's own nitrogen; (B) 
Nitrification of ammonium sulfate; (e) 
Nitrification of ammonium sulfate in the 
presence of calcium carbonate. 
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amounts of lime added to the soil. In the nitrification tests when 
ammonium sulfate alone was employed, the amount of ni-
trates produced was evidently not limited by a deficiency 
in available ammonia nor were the effects of the lime applica-
tions masked by the further additions of the pure calcium car-
bonate. This method for determining the nitrifying power 
of the soil was, therefore, considered to give the most accurate 
information, and in the samples taken 4 months after treatment 
of the soil in the greenhouse this was the only test which was 
carried out in the nitrification studies. 
The results as a whole indicate very definitely that nitrification 
is stimulated in the Grundy silt loam by additions of limestone. 
Greater effects were secured by the larger amounts of limestone 
up to the addition of 6 tons per acre. The results do not indicate 
how much lime would have been required before the maximum 
nitrifying power of the soil would have been reached. 
Stephenson (43) treated Carrington loam with various amounts 
of lime from 1 to 20 tons per acre, and he secured an increase in the 
production of nitrates with increasing additions of lime even up to 
the 20-ton application. He concluded, however, that although the 
large amounts of lime might give greater nitrification, only that 
amount which is necessary to bring about' a neutralization of the 
active acidity of the soil would be required for adequate nitrifica-
tion and optimum crop production. The results of the experiment 
reported here certainly indicate that application of limestone 
to the Grundy silt loam in an amount equivalent to the lime re-
quirement of the ~oil would bring about a very desirable stimula-
tion in the activities of the nitrifying bacteria, ·a greater produc-
tion of nitrates in the soil and undoubtedly an increase in crop 
yields. 
EFFECTS OF QUARRY-RUN LIMESTONE ON YIELD AND NITROGEN 
CONTENT OF SWEET CLOVER GROWN ON GRUNDY 
SILT LOAM IN THE GREENHOUSE 
The first crop of sweet clover grown in the pots of Grundy silt 
loam in the greenhouse was cut 7Yz months after planting. The 
plants were then permitted to grow again and the second crop was 
harvested a few months later. After they were harvested, the 
crops were air-dried and weighed to secure the yield of hay, then 
the dry material was finely ground and analyzed for total nitrogen 
by the Gunning-Hibbard modification (2) of the Kjeldahl 
method. The weight of dry materials and percentage of nitrogen 
in the sweet clover from the duplicate pots for each treatment are 
shown in table XVII. 
While there were a number of unexpected variations in the crop 
yields from these various pots, it is apparent that the yields were 
considerably higher in every case on the soils which had received 
limestone than on those which were untreated. This was true 
• 
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TABLE XVII. YIELD AND NITROGEN CONTENT OF SWEET CLOVER GROWN ON 
GRUNDY SILT LOAM TREATED WITH VARIOUS AMOUNTS OF QUARRY-RUN 
LIMESTONE IN GREENHOUSE EXPERIMENTS 
F~st cutting 
Amount of lime 
Second cutting 
Weight Nitrogen Total Weight Nitrogen Total 
of crop nitrogen of crop nitrogen 
Tons per A. Grams Percent Grams Grams Percent Grams 
None 29.0 2.74 0.794 35.9 2.30 0.825 
1 38 .5 3.33 1.282 47.2 2.30 1.085 
2 38.0 2.69 1.022 55.2 2.25 1.242 
3 40.0 3.32 1.328 52.1 2.47 1.286 
4 35.0 3.01 1.053 50.5 2.28 1.151 
5 32.7 3.23 1.056 52.3 2.16 1.129 
6 32.0 3.15 1.008 46.9 2.52 1.182 
both for the first and second cuttings. There was also consider-
able variation in the percentage of nitrogen and dry material. 
In some cases the clover on the treated soils showed a higher per-
centage of nitrogen than that from the untreated soil, but in 
other cases the results were the reverse. When the total nitrogen 
in the crop was calculated, however, the effects of the limestone 
treatment appeared rather definitely. In all cases the application 
of limestone increased the total amount of nitrogen removed in 
the crop, and in some instances this increase was comparatively 
large. 
The data as a whole do not show such large effects from the 
additions of limestone to this soil as do the nitrification studies, 
but it is evident that limestone is of value in increasing the crop 
yields and the total nitrogen' of the crop grown on this soil. The 
maximum effects of the limestone seem to have been secured when 
it was applied at the rate of 3 tons per acre. This amount cor-
responds very closely to the lime requirement of the soil. With 
larger amounts of limestone applied, the yields were not increased 
and the total nitrogen content of the crop in several cases was 
actually reduced. While the results of greenhouse experiments 
cannot be expected to show definitely the results which may be 
secured in the field they are indicative, and it may be concluded, 
• therefore, that applications of limestone to the Grundy silt loam 
in the field would undoubtedly bring about increases in the yields 
of sweet clover and in the protein content of the crop. 
SERIES IV. EFFECTS OF LIMESTONE OF DIFFERENT DEGREES 
OF FINENESS ON GRUNDY SILT LOAM 
The results reported in Series I and Series II show that much 
larger changes were produced in the soils tested by the addition 
of chemically pure calcium carbonate than by the application .of 
quarry-run limestone. The differences may have been due partly 
to variations in the chemical composition of the two materials, 
but it is believed that the fineness of division is undoubtedly 
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responsible for the greater part of this difference. It seemed 
desirable, therefore, to study further the comparative effect and 
the rate of reaction with additions of limestone varying in fineness 
and with hydrated lime. 
Grundy silt loam was weighed out into 4-gallon pots in the 
greenhouse. Duplicate pots remained untreated to serve as 
checks. Two pots received 20-mesh limestone at the rate of 3 
tons per acre. Two pots received 40-mesh limestone and two pots 
lOO-mesh limestone at the same rate. Two pots received hy-
drated lime in an amount sufficient to supply an equivalent 
quantity of CaO to that supplied in the limestone. The soils 
were kept fallow an'd at the optimum moisture content in the 
greenhouse. Samples were taken from each pot at the end of 1, 
2,3, 9 and 26 weeks, and hydrogen ion determinations were made 
by the quinhydrone electrometric method. The results of these 
determinations appear in table XVIII, and they are shown 
graphically in fig. 12. 
EFFECTS OF LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
ON REACTION OF GRUNDY SILT LOAM 
There were very definite effects from the use of limestone of 
different degrees of fineness on the hydrogen ion concentration 
of this soil. In 1 week the reaction of the soil was increased from 
40 MesH 
20 MESH 
CHeCK 
10 I~ 14 I~ 18 ~o ~.z Z.f ~6 
T'M£ IN WC'K~ 
Fig. 12. The effect of lime in different degrees of fineness upon the reaction of 
Grundy silt loam. 
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TABLE XVIII. HYDROGEN ION CONCENTRATION OF GRUNDY SILT LOAM AS 
AFFECTED BY LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
Beginning One week Two weeks Three Nine TW~~!b8ix Soil treatment weeks weeks 
pH pH pH pH pH pH 
No lime 5.32 5.28 5.33 5.31 5.30 5.10 
20-mesh limestone 5.32 5.44 5.58 5.65 5.58 5.70 
40-mesh limestone 5.32 6.00 6.19 6.37 6.21 6.13 
100-mesh limestone 5.32 6.47 6.56 6 .68 6.57 6.24 
Hydrated lime 5.32 6.66 6.65 6.69 6.53 6.21 
pH 5.32 to pH 6.56 by the application of the hydrated lime. The 
lOO-mesh limestone did not bring about as large an effect, but it 
did raise the pH to 6.47 in the same period of time. Forty-mesh 
limestone increased it to 6; 20-mesh limestone to 5.44. The pH 
of the untreated soils decreased slightly, changing from pH 5.32 
at the beginning of the experiment to' pH 5.28 at the end of 1 
week. 
At the end of 2 weeks, the hydrated lime had not brought about 
any further increase in pH in the soil, but with all the other 
materials added there had been an appreciable change, the 
greatest difference appearing with the 40-mesh limestone. 
After 3 weeks, the pH of the soil receiving the lOO-mesh lime-
stone was just about the same as that treated with hydrated lime. 
The 40-mesh limestone at the end of 3 weeks had increased the 
pH to 6.37; the 20-mesh limestone, to 5.65. 
At the end of 9 weeks, there was a slight decrease in the 'pH 
of all the soils and after 26 weeks a rather definite decrease in 
most cases. The untreated soil after 26 weeks showed a pH of 
5.10. The soil treated with hydrated lime had a pH of 6.21 and 
that treated with lOO-mesh limestone, a pH of 6.24. It seems, 
therefore, that the hydrated lime and the lOO-mesh limestone had 
about the same effect on the reaction of the soil after the first 
week, the hydrated lime re~cting a little more rapidly during the 
first week. 
The soil treated with 40-mesh limestone also showed a decrease 
in pH at the 9-week sampling and a further decrease at the end 
of 26 weeks. The differences here, however, were not as great as 
in the case of the lOO-mesh limestone and the hydrated lime. The 
soil treated with 20-mesh limestone decreased slightly in pH at 
the end of 9 weeks but showed a slight increase at the end of 26 
weeks. This was probably due to the greater reaction brought 
about by the coarser material after a longer time in the soil. Even 
after 26 weeks the reaction of the soil which received the 20-mesh 
limestone was still considerably more acid than were the soils 
which received the finer limestone. 
The results as a whole indicate that the lOO-mesh limestone 
very rapidly neutralized the acidity of the soil. The 40-mesh 
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limestone did not react as rapidly as did the 100-mesh material, 
but after 6 months the hydrogen ion concentration was reduced 
to almost the same point. The 20-mesh limestone reacted much 
more slowly; even after 6 months the acidity of the soil was not 
reduced to nearly as great an extent by this material as it was 
by the finer limestone. It would seem that finely ground lime-
stone should be employed in neutralizing the acidity of the 
Grundy silt loam if the best results are to be secured during the 
first year. Certainly a large proportion of the limestone should 
be fine enough to pass a 40-mesh sieve and only a small percentage 
should be coarser than the 40-mesh. 
EFFECTS OF LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
ON BASE EXCHANGE COMPLEX OF GRUNDY SILT LOAM 
Samples of soil taken from the various pots 6 months after 
treatment were studied for content of exchangeable hydrogen, 
exchange capacity and degree of saturation of the base exchange 
complex according to methods which have been previously de-
scribed. The results secured are shown in table XIX. 
The exchange capacity of the soil was decreased slightly by the 
additions of limestone, the 40-mesh material having a somewhat 
greater effect than the 20-mesh limestone and the 100-mesh still 
greater influence. The greatest effect, however, was brought 
about by the hydrated lime, which gave a change of about 1 M.E. 
per 100 grams of soil. 
The exchangeable hydrogen content was very much reduced 
by the application of the limestone. The 20-mesh limestone 
brought about a reduction from 10.82 M.E. in the untreated soil 
to 8.99 M.E. The 40-mesh limestone caused a further reduction 
to 6.97 M.E. The 100-mesh limestone and the hydrated lime 
gave identical effects, showing a further decrease in exchangeable 
hydrogen to 6.42 M.E. , 
The exchangeable base content of the soil was increased in 
direct proportion to the decrease in the exchangeable hydrogen 
content. The degree of saturation of soil with bases which was 
calculated from the other data increased from 57.90 percent.in the 
TABLE XIX. EFFECTS OF LIMESTONE OF DIFFERENT DEGREES OF FiNENESS 
AND OF HYDRATED LIME UPON BASE EXCHANGE CAPACITY, 
EXCHANGEABLE HYDROGEN, EXCHANGEABLE BASES AND 
DEGREE OF SATURATION OF GRUNDY SILT LOAM 
Soil Exchange Exchangeable Exchangeable Degree of 
treatment capacity hydrogen bases saturation 
M.E. M.E. M.E. Percent 
Check-no lime 25.70 10.82 14.88 57 .90 
20-mesh limestone 25.57 8.99 16.58 64.82 
40-mesh limestone 25.12 6.97 18.15 72 . 25 
lOO-mesh lime-
stone 24.90 6.42 18.48 74.22 
Hydrated lime 24.65 6.42 18.23 73 . 95 
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untreated soil to 64.82 percent in the soil treated with 20-mesh 
limestone, 72.25 percent in the soil treated with 40-mesh lime-
stone, 74.22 percent in the soil treated with 100-mesh limestone, 
and 73.95 percent in the soil receiving the hydrated lime. 
These results may be compared with the data secured in hydro-
gen ion concentration studies. In each case 100-mesh limestone 
and hydrated lime were about equal in effectiveness. The 40-
mesh limestone produced somewhat smaller changes, and the 
20-mesh limestone was considerably less effective in changing 
both the pH and the degree of saturation of this soil. 
EFFECTS OF LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
ON NITRIFICATION IN GRUNDY SILT LOAM 
The nitrifying power of the soils was determined after 1, 6 and 9 
weeks incubation in the greenhouse. The nitrification tests were 
carried out as before, using 100-gram portions of the soils which 
received 30 milligrams of nitrogen in the form of ammonium sul-
fate. The moisture content was brought up to the optimum and 
the soils were incubated for 4 weeks at room temperature. The 
results are shown in table XX. 
TABLE XX. NITRIFYING POWER OF GRUNDY SILT LOAM AS AFFECTED BY 
LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
One week Six weeks Nine weeks 
Soil treatment 
p.p.m. p .p .m. p .p.m. 
No lime 100 97 85 
20-mesh limestone 210 175 128 
40-mesh limestone 254 178 182 
100-mesh limestone 262 178 166 
Hydrated lime 248 170 158 
Very definite effects from the addition of limestone of different 
degrees of fineness and of the hydrated lime on this soil appeared 
in the results secured on the samples taken 1 week after treat-
ment. One hundred parts per million of nitrate nitrogen were 
produced from the ammonium sulfate in the untreated soil. . 
In the soil treated with 20-mesh limestone, 210 p.p.m. of nitrate 
nitrogen were produced. With the 40-mesh limestone, there 
was a further increase to 254 p. p.m.; with the 100-mesh limestone, 
an increase to 262 p. p.m.; witl1 the hydrated lime, the increase 
was not so large, 248 p.p.m. being secured. 
The results of the tests at the later samplings were similar 
except that the amounts of nitrate nitrogen produced were smaller 
in every case. At the end of 6 weeks the 40-mesh and 100-mesh 
limestone showed the largest effect of nitrification giving the 
same results. At the end of 9 weeks the 40-mesh limestone showed 
the largest effect, the 100-mesh having a slightly smaller influence. 
In both cases the hydrated lime showed less effect than the finer 
limestones. 
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The results as a whole show definitely that the finer grades of 
limestone have larger beneficial effects upon the nitrifying power 
of Grundy silt loam than do the coarser materials. The results 
are, therefore, quite in accord with the data secured in the hydro-
gen ion concentration studies and in the degree of saturation of 
the soil with bases. In these latter tests, however, slightly better 
results were secured with the finer grades of limestone than with 
the hydrated lime. 
EFFECTS OF LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
ON YIELD AND NITROGEN CONTENT OF SOYBEANS 
AND SWEET CLOVER 
To determine the effect of the addition of limestone of different 
degrees of fineness on the yield and composition of certain crops, 
an experiment was conducted using Grundy silt loam in pots in 
the greenhouse. The treatments included quarry-run limestone, 
10-mesh, ·20-mesh, 40-mesh and 100-mesh limestone, applied at 
the rate of 3 tons per acre. A crop of soybeans was grown in these 
pots after which the soil was planted to wheat and sweet clover. 
The yield of the wheat crop was not secured owing to extreme 
irregularity in the ripening period for the crop in the different 
pots. The wheat was all cut and removed and the sweet clover 
was permitted to grow for about 6 months after which it was 
harvested and the dry weight determined. The dry material was 
ground and analyzed for total nitrogen. The yield and nitrogen 
content of the soybean crop was determined similarly. The re-
sults are shown in table XXI. 
TABLE XXI. YIELD AND NITROGEN CONTENT OF SOYBEANS AND SWEET 
CLOVER GROWN ON GRUNDY SILT LOAM TREATED WITH QUARRY-RUN 
LIMESTONE OF DIFFERENT DEGREES OF FINENESS 
Soybeans Sweet clover 
Kind of lime applied Weight Nitrogen Total Weight Nitrogen Total 
of crop nitrogen of crop nit~ogen 
Grams Percent Grams Grams Percent Grams 
Quarry-run 11 .15 3.09 34.453 30.0 3.25 0.965 
lO-mesh 9.90 3.45 34.551 35.5 2.97 1.054 
20-mesh 10.40 3.57 37.128 34.0 2.74 0 .931 
40-mesh 9.70 3.17 30.749 33.0 3.01 0.993 
100-mesh 9.60 3.71 35.616 32.5 3.07 0 .997 
Definite conclusions can hardly be drawn from results secured 
in this test inasmuch as there are many variations. In the case of 
the soybean crop, quarry-run limestone gave the largest yield, 20-
mesh limestone the second largest yield and 100-mesh limestone 
the smallest yield. The amount of nitrogen removed in the crop 
was higher in the soil treated with 20-mesh limestone and lower 
in the soil receiving 40-mesh material. For the sweet clover crop, 
the smallest yield was secured on the soil treated with quarry-run 
limestone and the largest from the soil receiving 10-mesh lime-
stone. 
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The percentage of nitrogen in the crop increased rather reg-
ularly with the addition of the finer limestones except when 
quarry-run limestone was employed. In this . case the percentage 
of nitrogen was higher than in the crop secured when other treat-
ments were employed. There was no large difference in the total 
amount of nitrogen removed in the crop under any of the treat-
ments. 
These data as a whole indicate that no large differences in the 
yield and composition of soybeans and sweet clover were brought 
about by the application of limestone of different degrees of fine-
ness, or at least they might be interpreted to indicate that the 
moderately fine materials may give quite as large effects as very 
finely divided limestone. 
SERIES V. EFFECTS OF CALCIUM AND MAGNESIUM CARBON-
ATES AND LIMESTONES ON GRUNDY SILT LOAM 
For many years there has been considerable discussion re-
garding the relative value of calcium and magnesian limestones 
when applied to acid soils. Loew (29) found that magnesium 
carbonate was caustic to certain plants. He concluded that 
plants required a certain definite ratio of magnesium to calcium 
in the soil for the best growth and the maximum yield. He 
established ratios for various species of plants. Many experi-
ments were carried out to test this theory of Loew and while some 
data were secured in support of his lime-magnesia ratio theory, 
many more results did not lend support to it. 
The work along this line has been reviewed by Lipman (25) 
and need not be discussed here. It may be said, however, that 
the relative effects of magnesian limestones and carbonates when 
compared with calcium limestones and carbonates will be de-
termined very largely by the chemical and physical properties 
of the soil itself. Unquestionably the hydrogen ion concentration 
of the soil, the degree of saturation of the soil with bases, and the 
relative proportion of the various bases in the base exchange com-
plex are all of significance. Certainly the chemical and mechani-
cal composition of the limestone itself would be of significance. 
Experiments have shown that the solubility of magnesian lime-
stone is dependent very largely upon the degree of fineness. Re-
sults reported earlier in this bulletin have indicated the relation-
ship of the fineness of division to the rate of reaction of calcium 
carbonate and limestone. 
In this work chemically pure calcium and magnesium car-
bonates, mixtures of these materials in various proportions and 
high calcium and high magnesian limestones were tested for their 
effects on the hydrogen ion concentration of the Grundy silt loam, 
the lime requirement, the degree of saturation of the exchange 
complex with bases, the nitrifying power, the nitrogen fixing 
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power of the soil, and the yield and composition of the crops 
grown. 
Grundy silt loam was placed in 4-gallon pots in the green-
house, and the following treatments were made in duplicate 
pots in each of two series: 
1. No treatment-check 
2. Calcium carbonate c.p. at the rate of 3 tons per acre 
3. 75 percent calcium carbonate and 25 percent magnesium car-
bonate--3 tons per acre 
4. 50 percent calcium carbonate and 50 percent magnesium car-
bonate--3 tons per acre 
5. 25 percent calcium carbonate and 75 percent magnesium car-
bonate--3 tons per acre 
6. MIJ-gnesium carbonate c.p.-3 tons per acre 
7. High calcium limestone (33.37 percent calcium and 0.46 percent 
magnesium)- 3 tons per acre 
8. High magnesian limestone (17.03 percent calcium and 18.63 
percent magnesium)- 3 tons per acre 
The additions of lime were thoroughly mixed with the soil and 
the moisture content brought up to the optimum for plant growth. 
One series of duplicate pots of soil was kept fallow while the other 
series was seeded to wheat and later to red clover. Samples of 
soil were drawn from the fallow series at regular intervals for the 
chemical and bacteriological tests. The hydrogen ion concentra-
tion of the soils was determined every week for the first 13 weeks 
of the experiment and also after 17 and 21 weeks, the measure-
ments being made by the quinhydrone electrode method. The 
results appear in table XXII. 
EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND LIME-
STONES ON REACTION OF GRUNDY SILT LOAM 
Data given in this table show that the pH of the soil was in-
creased in every case with the application of the lime whether 
added as the pure carbonates of calcium and magnesium or as the 
limestones. One week after the lime had been applied, the pH 
of the untreated soil was 5.38. The calcium carbonate alone 
increased this figure to 6.72. The mixture of 50 percent calcium 
carbonate and 50 percent magnesium carbonate more than 
neutralized the acidity of the soil. The pH of the soil with this 
treatment after 1 week was 7.11. The magnesium carbonate 
alone increased the pH to 7.38. 
It appears from these results that the magnesium carbonate 
was more effective than the calcium carbonate in decreasing the 
hydrogen ion concentration of the soil. This effect was only 
temporary, however. As the experiment continued, the differ-
ences between the effect of the two carbonates were much smaller. 
After 21 weeks the pH of the soil was about the same whether it 
had been treated with either of the carbonates or with the mix-
tures of them. At this sampling the soil treated with magnesium 
• 
• 
TABLE XXII. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND LIMESTONES ON REACTION OF GRUNDY SILT LOAM 
---- -- ------- ---- ----- -----
pH of soil at various intervals after treatment 
Soil treatment* ------ ------------ ---------------------------
I 2 3 4 · 5 6 7 8 9 10 11 12 13 17 21 
week weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks weeks 
------- ----- --------------------- ------------
No treatment 5.38 5 . 71 5.37 5.34 5.35 5.32 5.33 5.32 5.36 5.18 5.33 5.18 5.08 5.06 5.20 
CaCO, alone 6 . 72 7.26 7.13 6.99 6.91 6.74 6.70 6.81 6.89 6.53 6.77 6.51 6.41 6.56 6.63 
CaCO. & MgCO. 3:1 6 . 71 7 . 30 6.98 6.99 7.02 6.85 6.93 6.87 6.96 6.88 6.62 6.68 6.60 6.69 6.65 
CaCO. & MgCO. 1:1 7.11 7.35 7.08 7 .08 6.99 6.94 7 . 01 6.93 6.90 6.89 6.62 6.80 6.69 6.74 6 .67 
CaCO. & MgCO. 1:3 7 .06 7.33 7.10 7.03 7.03 6.95 6.98 6.89 6.88 6.94 6.70 6.75 6.69 6.73 6.67 
MgCO, alone 7.38 7.42 7.02 7.13 7.01 6.91 6.97 6.91 6.94 6.87 6.72 6 .73 6: 77 6.78 6.71 
Calcium limestone 6 . 09 6 . 73 6.36 6.29 6 . 26 6.29 6.39 6.19 6 . 27 6.35 6 . 19 6 . 11 6.13 6.24 6.10 
Dolomitic limestone 5 . 66 6.74 6.05 6.20 6.10 6.11 6.31 6.21 6.15 6.21 6.16 6.02 6.12 6.15 6.06 
*Limestones or chemically pure carbonates were added in amounts equivalent to the lime requiremept a. determined by the thiocyanate teet. 
I-' 
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carbonate was slightly higher in pH than the soil treated with 
calcium carbonate, but the difference was too small to be signi-
ficant. Apparently if pure magnesium carbonate has any superi-
ority over pure calcium carbonate in affecting the hydrogen ion 
concentration, this superiority becomes gradually smaller and 
disappears entirely after about 5 months. 
The reduction in the hydrogen ion concentration of the soil was 
not nearly so great with the quarry-run limestones as it was with 
pure carbonates. This was probably due mainly to differences 
in fineness of division of the material. Only 26 percent of the 
calcium limestone used in this test was coarser than lO-mesh, and 
only about 16 percent was finer than lOa-mesh. The magnesian 
limestone was somewhat finer, 4 percent was coarser than lO-mesh 
and 32 percent finer than lOa-mesh. O~e-third of the material 
was between 40-mesh and lOa-mesh in size. 
The calcium limestone was somewhat more effective than the 
dolomitic limestone in decreasing the hydrogen ion concentration 
of the soil, but the differences were not large. After the sixth 
week, the differences were slight and probably of little signi-
ficance. It would seem safe to conclude, therefore, that from the 
practical standpoint, there is no significant difference in the effect 
of the calcium and the magnesian limestones on the hydrogen ion 
concentration of this soil. 
As a further test of the effects of these various lime materials 
in neutralizing the acidity of Grundy silt loam, the lime require-
ments of the soil were determined 3 and 6 months after the appli-
cations had been made. The method of Hardy and Lewis (20) 
was used for this purpose. The tests were carried out as follows: 
a 10-gram sample of soil was treated with 40 cc. of a neutral 0.2 
molar calcium chloride solution. The mixture was shaken vigor-
ously several times. Theoretically, this served to replace all 
exchangeable hydrogen ions of the soil with calcium ions from the 
calcium chloride solution. Free hydrogen ions could then react 
with the chlorine ions to form hydrochloric acid. After 1 hour 
the mixture was titrated to pH 7 by the addition of 0.03 normal 
calcium hydroxide solution. 
In the titration to pH 7 the procedure was as follows: The pH 
of the soil and calcium chloride mixtures was determined by the 
quinhydrone electrometric method, then 5 cc. of the base were 
added. The mixture was shaken vigorously and the pH again 
determined. This was repeated until the pH of the mixture was 
well above 7. The results of the pH readings were then plotted 
against cubic centimeters of base added and the curve was drawn 
through the points. By interpolation the point where the line 
crossed the pH 7 line was determined. The value thus obtained 
was considered to represent the amount of base required to 
neutralize the replaced hydrogen ions of the soil and bring its re-
action up to pH 7. From this figure, the number of pounds of 
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calcium carbonate required for 2 million pounds of soil was 
ca~culated. The results of these determinations are shown in 
table XXIII. 
TABLE XXIII. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON LIME REQUIREMENT OF GRUNDY SILT LOAM* 
Three months after Six months after 
Soil treatment treatment treatment 
Pounds per a.cre Pounds per acre 
No treatment 6,039 7,440 
CaCO. alone 1,830 2,418 
CaCO. & MgCO. 3:1 1,464 2,604 
CaCO, & MgCO. 1:1 1,281 2,232 
CaCO. & MgCO. 1:3 1,220 2,139 
MgCO. alone 1,098 2,232 
Calcium limestone 2,440 4,371 
Dolomitic limestone 2,206 4,371 
*Lime reqwrement determmed by the titratIOn method of Hardy and LeWls. 
At the end of 3 months the untreated soil had a lime require-
ment of over 6,000 pounds per acre. The treated soils showed a 
lime requirement which was considerably less in every case. 
The effect of the c.p. magnesium carbonate was very much 
I?\reater than that of the c.p. calcium carbonate. The soil treated 
with calcium carbonate had a lime requirement of 1,830 pounds 
per acre. With the addition of larger amounts of magnesium 
carbonate and correspondingly smaller amounts of calcium car-
bonate in the mixture applied, the lime requirement was almost 
proportionately decreased. When magnesium carbonate alone 
was used the lime requirement of the soil was decreased to 1,098 
pounds per acre. These results certainly indicate that the 
magnesium carbonate was more effective than calcium carbonate 
in reducing the lime requirement of the soil. 
After 6 months, although the lime requirement was higher than 
at the end of 3 months, the same relationship existed between the 
two carbonates. Magnesium carbonate again was more effective 
in reducing the lime requirement of the soil than was calcium 
carbonate. Although the difference was not so large after 6 
mO.'1ths as at the end of 3 months, it was definite. 
The lime requirements of the soils treated with quarry-run 
limestone were not reduced as definitely as in the case of those 
treated with pure carbonates. High calcium limestone reduced 
the lime requirement to 2,440 pounds; dolomitic limestone re-
duced it to 2,206 pounds per acre during the first 3 months. In 
this case dolomitic limestone was certainly more effective. At 
the end of 6 months, however, the reductions in lime requirement 
of the soils were exactly the same with the two limestones. 
In general it appears from these results that chemically pure 
magnesium carbonate was slightly more effective in reducing the 
lime requirement of Grundy silt loam than was chemically pure 
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calcium carbonate. Practically no difference appeared in the 
effectiveness of the high calcium limestone and the dolomitic 
limestone in reducing the lime requirement of this soil. 
EFFECTS OF CALCIUM AND MAqNESIUM CARBONATES AND LIME-
STONES ON DEGREE OF SATURATION OF GRUNDY 
SILT LOAM WITH BASES 
Samples of soils were drawn from the fallow pots 3 months and 
6 months after the treatments were made, and base exchange 
analyses were made by the methods already described. The 
results secured in these tests are shown in table XXIV. 
TABLE XXIV. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON DEGREE OF SATURATION OF GRUNDY SILT 
LOAM WITH BASES 3 MONTHS AFTER TREATMENT 
Soil Exchange Exchangeable Exchangeable Degree of 
treatment capacity hydrogen bases saturation 
M.E. M.E. M.E. Percent 
No trea tmen t 25.45 9 . 17 16.28 63.97 
CaCO. alone 25.72 3.76 21.96 85.38 
CaCO. & MgCO. 
3:1 25.67 4.04 21.93 84.26 
CaCO. & MgCO. 
1 :1 24 . 70 3 . 53 21.17 85.70 
CaCO. & MgCO. 
1:3 25.20 3.44 21. 76 86.35 
MgCO. alone 25.40 3.53 21.87 86 . 10 
Calcium limestone 24.65 6.19 18 .46 74 .88 
Dolomitic lime-
stone 25.82 6 . 51 19 .32 74.82 
The base exchange capacity of the soil was not changed appre-
ciably by any of the treatments with lime. In one case a slight 
reduction appeared but it was not significant. The effect of the 
different lime treatments on the exchangeable hydrogen content 
of the soil was shown quite definitely, however. The untreated 
soil showed an exchangeable hydrogen content of 9.17 M .E. per 
100 grams of soil. The calcium carbonate treatment reduced this 
amount to 3.76 M.E. The magensium carbonate and the mix-
tures containing magnesium carbonate reduced the exchangeable 
hydrogen content slightly more than did the calcium carbonate ' 
alone. The differences, however, were not large and should not 
be considered of any large significance. 
Quarry-run limestones were not nearly so effective in reducing 
the amount of exchangeable hydrogen in this soil as were pure 
carbonates. High calcium limestone reduced the exchangeable 
hydrogen to 6.19 M.E. The dolomite reduced it to 6.51 M.E. 
It is apparent that the quarry-run limestones replaced only about 
one-third of the exchangeable hydrogen in this soil, while the pure 
carbonates replaced about two-thirds. 
The replaceable base content of the soil was increased with the 
various lime treatments corresponding to the decreases in ex-
changeable hydrogen. 
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The comparative effect of different lime materials is well shown 
in the degree of saturation of the soils with bases. The exchange 
capacity of the untreated soil was 63.97 percent saturated with 
bases. The application of calcium carbonate increased this to 
85.38 percent and magnesium carbonate to 86.10 percent. The 
mixtures of calcium carbonate and magnesium carbonate had 
very similar effects to the pure calcium carbonate and the pure 
magnesium carbonate alone. The magnesium carbonate seemed 
slightly more effective in increasing the degree of saturation of 
this soil with bases than was the calcium carbonate. The differ-
ence, however, was slight and not significant. 
The quarry-run limestones increased the degree of saturation 
of the soil about one-half as much as did the pure carbonates; the 
effects of the two limestones were practically identical. 
The results of the base exchange determinations on the samples 
taken 6 months after treatment are shown in table XXV. After 
TABLE XXV. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON DEGREE OF SATURATION OF GRUNDY SILT 
LOAM WITH BASES 6 MONTHS AFTER TREATMENT 
Soil Exchange Exchangeable Exchangeable Degree of 
treatment capacity hydrogen bases saturation 
M.E. M.E. M.E. Percent 
No trea tmen t 25.35 9.08 16.27 64.18 
CaCO, alone 25.75 3.35 22.40 87 . 00 
CaCO, & MgCO, 
3:1 25.50 3.76 21.74 85.25 
CaCO, & MgCO. 
1 :1 25.65 3.44 22.21 86.58 
CaCO. & MgCO, 
1:3 24.45 2.20 22.25 91.00 
MgCO. alone 25.53 2.75 22.78 89.22 
Calcium limestone 24.10 4.49 19.61 81.37 
Dolomitic lime-
stone 24.43 6.33 18 . 10 74.08 
the additionaI3-months' period, some further changes were noted 
from the effects of the different kinds of lime. The amount of ex-
changeable hydrogen in the untreated soil and in the soil treated 
with calcium carbonate alone was not changed appreciably. The 
soil treated with magnesium carbonate, however, had a much 
smaller amount of exchangeable hydrogen, 2.75 M.E. per 100 
grams of soil. This indicates that the magnesium carbonate had 
become more effective in reducing the exchangeable hydrogen of 
the soil than the calcium carbonate during the 6-months' period 
of incubation. On the other hand, the high calcium limestone was 
more effective than the dolomitic limestone in brjnging about a 
change in the exchangeable hydrogen content of the soil. The 
soil treated with high calcium limestone contained 4.49 M.E. of 
exchangeable hydrogen while that treated with dolomitic lime-
stone showed 6.33 M.E. of exchangeable hydrogen. 
Very similar effects were shown in the degree of saturation of 
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the soils with bases. The base exchange complex of the untreat-
ed soil was 64.18 percent saturated. In the soils treated with cal-
cium carbonate it was 87.0 percent saturated' and in that treated 
with magnesium carbonate it was 89.22 percent saturated. The 
slight superiority of magnesium carbonate is indicated in these 
results. The base exchange complex in the soil treated with high 
calcium limestone was 81.37 percent saturated, and that of the 
soil treated with dolomitic limestone was 74.08 percent saturated. 
In this case high calcium limestone seemed to be more effective 
than dolomitic limestone. 
The foregoing results indicate that pure magnesium carbonate 
may be slightly more effective in reducing the exchangeable 
hydrogen content and increasing the degree of saturation of the 
base exchange complex of this soil than is pure calcium carbonate. 
The high calcium limestone, however, was more effective, than 
the dolomitic limestone. The difference in the effects of these 
two materials was undoubtedly due in large part to the differences 
in solubility which is affected to a considerable extent by the 
fineness of division. It seems quite probable that the differences 
in the effect of the c.p. carbonates and the limestones were due 
mainly to the fineness of division of the latter materials. 
EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND LIME-
STONES ON NITRATE CONTENT OF SOIL AND ON 
NITRIFICATION 
Samples of soil were drawn at various intervals from the pots 
and tested for nitrate nitrogen co.ntent and nitrifying power. 
The results of the determinations of the nitrate nitrogen content 
appear in table XXVI. 
TABLE XXVI. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON NITRATE ACCUMULATION IN GRUNDY SILT 
LOAM IN GREENHOUSE EXPERIMENTS 
Soil treatment 
No treatment 
CaCO, alone 
CaCO, & MgCO, 3:1 
CaCO, & MgCO. 1:1 
CaCO, & MgCO, 1:3 
MgCO, alone 
Calcium limestone 
Dolomitic limestone 
Parts per million of nitrate nitrogen accumulated at various 
intervals after treatment 
---------------------
I week 5 weeks 9 weeks 13 weeks 17 weeks 21 weeks Av. 
------------------
15.5 14.2 26.0 38.8 35.7 41.4 31.2 
15.5 18.5 30.2 36.2 38.0 39.3 32.4 
15 .5 17.4 29.4 46 .7 45.0 49.5 37.6 
15.5 20.3 35.4 50.4 46.1 48 .5 40.1 
1.5.5 18 .9 38.5 41.3 40.1 50.4 37.8 
15.5 18.2 33.6 43.8 39.0 41.8 35.3 
15 .5 14.4 29.3 29.5 38.4 37.1 27.7 
15.5 12 .3 30.4 33.4 38.9 36.5 30.3 
There was considerable variation in the content of nitrate 
nitrogen in these soils under the different treatments at the 
various samplings. At one sampling the largest amount of 
nitrates appeared under one treatment, while at the next sampling 
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the largest amount occurred under another treatment. As an 
average of all the determinations, however, the soils treated with 
pure carbonates showed a higher content of nitrate nitrogen than 
either the untreated soils or those treated with the two limestones. 
The soils receiving mixtures of calcium and magnesium carbonates 
had a somewhat higher average content of nitrate nitrogen than 
those treated with either ' of the carbonates alone. The soil 
treated with magnesium carbonate had a slightly higher average 
nitrate content than that treated with calcium carbonate. The 
nitrate content of the soil treated with limestone was about the 
same as that of untreated soil. 
It has been pointed out by Smith and Brown (42) that the 
nitrate content of the soil is undoubtedly the resultant of the 
activities of several groups of organisms. The nitrate content of 
the soils is the resultant of the physiological processes of nitrate 
assimilation, reduction, utilization and others as well as of nitrate 
production. Hence, the nitrate content of the soils at any 
particular time shows only a temporary balance between these 
various physiological processes. 
To determine the influence of the various treatments on nitri-
fication, tests were carried out on samples of soil taken at the 
same time that analyses for nitrate nitrogen were made. Tests 
were carried out in the manner which has previously been describ-
ed. The results are shown in table XXVII. 
TABLE XXVII. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON NITRIFICATION IN GRUNDY SILT LOAM 
Parts per million of nitrate nitrogen produced in nitrification 
Soil treatment teste at various intervals after treatment 
1 week 5 weeks 9 weeks 13 weeks 17 weeks 21 weeks 
No treatment 65.0 73 . 6 68.4 94.2 96.8 102.9 
CaCO, alone 157.9 180.1 151.7 201.7 213.7 178.8 
CaCO, & MgCO, 3:1 153.0 166.0 149.5 190.7 212.0 196.1 
CaCO, & MgCO, 1:1 180.0 199.0 160.0 217.2 229 . 9 209.0 
CaCO, & MgCO, 1:3 122.9 194.0 146.1 216.0 219.0 206.6 
MgCO, alone 152 . 2 179 . 6 136 .4 194.7 201.1 206.7 
Calcium limestone 96.2 165.1 120 .0 177 . 1 173.6 184 . 5 
Dolomitic limestone 99 . 7 151.2 113.4 155.9 174.7 175 . 0 
These data indicate that the amounts of nitrate nitrogen pro-
duced from the oxidation of the ammonium sulfate were con-
siderably greater in every case where the carbonates were added 
to the soil, either pure calcium carbonate, pure magnesium 
carbonate, or the mixtures of the two carbonates. The limestones 
also brought about increases in nitrate production in the soils 
but had less effect in all cases than did the pure carbonates. 
In the untreated soil 1 week after the beginning of the ex-
periment, 65 p.p.m. of nitrate nitrogen was produced. In the 
soil treated with pure calcium carbonate, the amount of nitrate 
production increased to 157.9 p.p.m. With the magnesium car-
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bonate, the increase was not quite so great, the amount of nitrate 
nitrogen present being 152.2 p.p.m. The soil receiving the mix-
ture of equal parts of calcium carbonate and magnesium car-
bonate showed a content of 180 p.p.m. of nitrate nitrogen. The 
results secured in the soils receiving the other mixtures of calcium 
carbonate and magnesium carbonate were somewhat variable, 
but in general the amount of nitrate nitrogen produced was less 
than with the calcium carbonate alone. 
The results of the tests at the later samplings were very similar 
to those secured at the first sampling. In all cases the amount of 
nitrate nitrogen was very much greater in the soils treated with 
the carbonates, the largest effect being produced by the equal 
mixture of calcium carbonate and magnesium carbonate. In 
practically all cases the calcium carbonate alone showed larger 
effects than did the magnesium carbonate alone. Only at the 
sampling after 21 weeks was this relationship reversed. In all 
cases calcium limestone and dolomitic limestone showed less 
effects than did pure carbonates; high calcium limestone generally 
gave somewhat greater effects than dolomitic limestone. 
It would seem from these results as a whole that carbonates 
were much more effective in stimulating nitrification in the 
Grundy silt loam than were limestones. The calcium carbonate 
generally showed somewhat larger effects than the magnesium 
carbonate, but the mixture of equal parts of the two carbonates 
gave much greater effects than the calcium carbonate alone. 
EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND LIME-
STONE ON NITROGEN FIXATION IN GRUNDY 
SILT LOAM 
The nitrogen fixing power of the soils in this experiment were 
tested at 4-week intervals during the continuance of the ex-
periment. The samples which were used in these tests were taken 
at the same time as those employed in the previous experiments. 
The tests were made by determining the increase in the amount 
of nitrogen in a nitrogen-free solution culture when inoculated 
with the particular soil. A medium of the following composition 
was employed: 
Mannitol ..... ,......... ........................................................... 10.0 grams 
Dipotassium phosphate .................................................. 0.5 grams 
Magnesium sulfate .......................................................... 0.2 grams 
Sodium chloride .............................................................. 0.2 grams 
Manganese sulfate .. ........................................................ trace 
Ferric chloride ... _............................................................. trace 
Distilled water ................................................................ 1,000.0 CC. 
An amount of fresh soil equivalent to 5 grams of air-dry soil 
was placed in 500 cc. Erlenmeyer flasks containing 50 cc. of the 
sterile nutrient medium. One gram of sterile calcium carbonate 
was then added to each flask. Duplicate cultures of each treat-
ment were analyzed immediately for total nitrogen, and another 
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set of duplicate cultures was permitted to incubate for 3 weeks 
at 28°C. At the end of this incubation period the cultures were 
analyzed for total nitrogen. The method of Davisson and Parsons 
as recorded by Fred and Waksman (18) was used in the analytical 
work. This method involves the reduction of any nitrate nitrogen 
in the culture with Devarda's alloy previous to digestion with 
sulfuric acid. The digestion and distillation is the same as in the 
Gunning-Hibbard modification of the Kjeldahl method (2). 
The results of the nitrogen fixation tests are shown in table 
XXVIII. The results are rather variable and while there are 
many indications of the beneficial effects of additions of lime on 
the nitrogen fixing power of this soil, the influences are shown 
rather irregularly at the different samplings. It is rather difficult, 
therefore, to draw definite conclusions. The most that could be 
said would be that there are some indications that applications 
of lime may bring about .some increases in the nitrogen fixing 
power of Grundy silt loam. No conclusions as to the relative 
effectiveness of the different carbonates can be drawn. 
It seems evident from these results that the method used for 
measuring the nitrogen fixing power of the soil was unsatisfactory. 
It was pointed out by Walker, Sullivan and Pohlman (51) that 
such a test places the organisms in an unnatural environment 
and that the effects of the previous soil treatments are entirely 
masked by the materials present in the nutrient medium. In 
order to secure more accurate information concerning the activi-
ties of the aerobic nitrogen-fixing bacteria of the soil, the .spon-
taneous culture and silica gel plate methods of Winogradsky have 
been adopted and used in later work. These methods, however, 
were not employed in the present studies. 
TABLE XXVIII. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON NITROGEN FIXATION IN GRUNDY SILT LOAM 
Mgm. nitrogen fixed per culture* at intervals after treatment 
Soil treatment 
1 week 5 weeks 9 weeks 13 weeks 17 weeks 21 weeks 
No treatment 7.88 3.90 5 . 06 3.41 4.51 -
CaCO, alone 7.78 3.56 4.29 5.77 4.89 0.96 
CaCO, & MgCO, 3:1 13.16 3.33 4.96 5.11 6.55 0.61 
CaCO, & MgC03 1:1 12 . 61 2 . 63 1.98 5 .35 6.41 3.50 
CaC03 & MgC03 1:3 9 .32 3 . 35 4.80 5 . 49 , 2 . 70 _ . 
MgCO, alone 9.78 - 4 . 66 1.30 4.77 3.29 
Calcium limestone 12.67 - 5.29 3.15 0.82 5.64 
Dolomitic limestone 7.78 1.91 3.12 - 6.48 -
*The ,culture consisted of 50 cc . of a nitrogen-free nutrient solution inoculated with 5 grams 
of soil. This was incubated for 3 weeks . 
EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES ' AND LIME-
STONES ON YIELDS AND COMPOSITION OF WHEAT 
AND CLOVER GROWN IN GRUNDY SILT LOAM 
In one series of pots in the experiment wheat and clover were 
grown on duplicate pots for each treatment. The clover was 
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planted soon after the wheat was well started. When the wheat 
was ripe it was harvested and dried. The clover continued to 
grow until the blossom stage. It was then harvested and dried. 
Dry weights of each crop were determined. The dried material 
was then finely ground and analyzed for total nitrogen by the 
Gunning-Hibbard modification of the Kjeldahl method. 
TABLE XXIX. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON YIELD AND NITROGEN CONTENT OF WHEAT 
GROWN ON GRUNDY SILT LOAM IN GREENHOUSE EX-
PERIMENTS 
Soil Weight of Weight of Weight of straw Nitrogen in 
treatment straw grain and grain grain 
Grams Grams Grams Percent 
No treatment 25.86 8.89 34.75 2.47 
CaCO, alone 21.28 13.02 34.30 2.60 
CaCO, & MgCO, 
3:1 23.80 14.10 37.90 2.53 
CaCO, & MgCO, 
1:1 25.34 14.77 40.11 2.55 
CaCO, & MgCO, 
1:3 27.88 15.72 43.60 2.49 
MgCO, alone 26.57 16.42 42.99 2.48 
Calcium limestone 25.32 13.99 39.31 2.21 
Dolomitic lime-
stone 23.43 14.57 38 . 00 2.22 
The results secured with the wheat crop are shown in table 
XXIX. There was a very decided increase in the yield of grain 
on the treated soils over that secured on the untreated soil. 
The check pots showed a yield of 8.89 grams of grain. On the soil 
treated with calcium carbonate alone, the yield increased to 13.02 
grams of grain. Where magnesium carbonate was used alone, 
the yield was increased further to 16.42 grams of grain. The 
mixtures of magnesium carbonate and calcium carbonate showed 
yields intermediate between those secured with the pure calcium 
carbonate and the magnesium carbonate alone. Calcium and 
dolomitic .limestones showed smaller effects than carbonate 
mixtures, except the calcium carbonate alone which showed a 
smaller effect than either of the limestones. Dolomitic limestone 
showed a somewhat larger effect than pure calcium limestone 
giving a yield of 14.57 grams of grain, while with the calcium 
limestone the yield was 13.99 grams of grain. 
The percentages of nitrogen in the grain from the various pots 
did. not vary sufficiently to show significant differences among 
the various soil treatments, except in the case of the crops grown 
on the limestone treated soils in which there was a slightly lower 
percentage of nitrogen. Although the magnesium carbonate 
seemed to produce somewhat larger crop yields than did the cal-
cium carbonate, the percentage of nitrogen in the crop on the 
latter soil was slightly greater. In general, however, the differ-
ences in content of nitrogen were not large enough to be of signi-
ficance. . 
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TABLE XXX. EFFECTS OF CALCIUM AND MAGNESIUM CARBONATES AND 
LIMESTONES ON YIELD AND NITROGEN CONTENT OF RED CLOVER GROWN 
ON GRUNDY SILT LOAM IN GREENHOUSE EXPERIMENTS 
Soil treatment 
Dry weight of hay Nitrogen in hay Total nitrogen in crop 
Grams Percent Grams 
No t reatment 46.1 2 .36 1.088 
CaCO, alone 61.5 2.57 1.580 
CaCO. & MgCO, 3:1 63 .2 2 .60 1.643 
CaCO. & MgCO, 1:1 66.9 2.37 1.585 
CaCO, & MgCO, 1:3 70.1 2 .61 1.829 
MgCO, alone 65.4 2.92 1.910 
Calcium limestone 65.1 2 .58 1.679 
Dolomitic limestone 67.3 2.71 1.824 
The yield and nitrogen content of the clover crop are. shown 
in table XXX. The effects of the various liming materials on the 
clover crop were very similar to those noted on the wheat crop. 
The total dry weight of hay produced on all the treated soils was 
greater than that given on the untreated soils. The yield on the 
soils treated with magnesium carbonate alone seemed to be 
somewhat greater than that on the soils treated with calcium car-
bonate alone, and the mixtures of calcium carbonate and mag-
nesium carbonate in the ratios of 1:1 and 1:3 showed greater 
effects than either of the carbonates alone. The yields on the 
soils treated with calcium limestone and dolomitic limestone were 
greater than those secured with calcium carbonate alone but 
somewhat less than those obtained with two of the mixtures of 
calcium carbonate and magnesium carbonate. In the case of the 
dolomitic limestone, the yield was somewhat greater than with 
the magnesium carbonate. The differences, however, were not 
very large. 
There were some variations in the nitrogen content of the hay 
from the different pots; hay taken from the soil treated with 
magnesium carbonate alone showed the highest percentage of 
nitrogen. In all cases, the percentage of nitrogen was greater 
in the hay secured from the treated soils than in that taken from 
the untreated soils. The second largest percentage of nitrogen 
in the hay was in that secured from the soils treated with dolo-
mitic limestone. Pure magnesium carbonate had a much larger 
effect on the total nitrogen content of the clover crop than did the 
pure calcium carbonate. The mixtures of calcium carbonate and 
magnesium carbonate also had larger effects than the calcium 
carbonate alone but they showed smaller effects than the mag~ 
nesium carbonate alone. The dolomitic limestone had a larger 
effect than the calcium limestone but brought about a smaller 
effect than the magnesium carbonate alone. The calcium lime-
stone, however, showed a larger effect than the calcium carbonate 
alone. . 
From these results it appears that magnesium carbonate was 
somewhat more effective than calcium carbonate in bringing 
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about larger crop yields and a greater nitrogen content in the 
clover. Similarly, dolomitic limestone seemed to have a greater 
effect than calcium limestone. The differences, however, were 
greater when the two carbonates were compared than in the case 
of the two limestones. 
SUMMARY AND CONCLUSIONS 
Investigations were conducted to study the effects of different 
kinds of lime and of various amounts of limestone of different 
degrees of fineness and varying in chemical composition on some 
of the chemical and bacteriological properties of the more im-
portant soils of the Southern Iowa loess soil area, where practical-
ly all the soils are acid and in need of lime. Studies were made of 
the effects of the various materials on the hydrogen ion concen-
tration and lime requirements of the soil, on the amounts of ex-
changeable hydrogen and exchangeable bases, and on the degree 
of saturation of the soil with bases. Tests were also carried out to 
determine the influence on the nitrifying power and the nitrogen 
fixing power of the soil, and on the yield and composition of 
certain crops grown in the greenhouse. The results of these 
studies may be summarized as follows: 
1. A close relationship was found between the buffer capacity 
of the Grundy silt loam, the Shelby loam and the Tama silt loam 
as measured by titration curves, and the content of colloidal 
matter and organic carbon in the soils. The titration curves, as 
employed in these tests, were considered a good measure of the 
buffer capacity of these soils. 
2. A comparison of quarry-run limestone and chemically pure 
calcium carbonate showed that the former was not nearly so 
. effective as the latter for the neutralization of the acidity of the 
three soils tested. 
3. Between 3 and 4 tons of pure calcium carbonate per acre 
were sufficient to bring the reaction of the Grundy silt loam up to 
pH 7.0 in 3 months. Where quarry-run limestone was applied to 
the same soil a little over 9 tons of lime raised the pH to only 6.65. 
4. Greater changes were effected in the reaction of the Shelby 
loam than in that of the Tama silt loam by the addition of the 
same am6unts of calcium carbonate or limestone. The reaction 
changes effected in the Grundy silt loam were even smaller than 
those brought about in the other two soils. 
5. The ratio of lime required to bring the reaction of these 
soils up to pH 7.0 in pot cultures in the greenhouse, compared with 
the laboratory titration method, was determined. 
6. This ratio was considerably narrower in the tests where 
pure calcium carbonate had been applied to the soils than where 
the quarry-run limestone was employed. It was also narrower 
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when tests were made three months after application of the 
liming materials than when they were made after 6 months. 
There were also some variations in the ratios secured for the 
various types of soil tested under similar conditions. 
7. The results indicate that the liming ratio or factor depends 
largely upon the kind of lime applied in the tests, the length of 
time the material is permitted to react with the soil acids previous 
to making the determination, and to a less extent upon the type 
of soil tested. Hence, it is quite evident that these factors should 
be given full consideration in the establishment of liming factors 
or ratios for any large group or area of soils. 
8. When the effects of pure calcium carbonate and quarry-run 
limestone on the base exchange reactions in these soils were 
determined, it was found that both materials increased the base 
exchange capacity very slightly but consistently in proportion to 
the amount of lime applied. 
9. The amount of exchangeable hydrogen was decreased con-
siderably. In 6 months the exchangeable hydrogen in Grundy 
silt loam was decreased from 9.30 M .E. to 4.65 M.E. by the 
addition of 3 tons of pure calcium carbonate per acre, and to 1.15 
M.E. when the same material was applied at the rate of 6 tons 
per acre. The content of exchangeable bases in this soil was 
increased in direct proportion as the exchangeable hydrogen con-
tent was decreased by the variou.s amounts of pure calcium 
carbonate. Hence, the degree of saturation of this soil with bases 
was increased from 60.13 percent to 81.30 percent by the appli-
cation of 3 tons of the pure calcium carbonate and to 95.52 
percent by the same material at the rate of 6 tons per acre. 
10. Since the base exchange capacity, the amount of ex-
changeable bases and hydrogen in the Shelby loam and Tama 
silt loam were smaller than in the Grundy silt loam, similar . 
amounts of calcium carbonate effected larger changes in the 
degree of saturation of these soils with bases. Five tons of the 
calcium carbonate replaced practically all the exchangeable hydro-
gen in Shelby loam, and a similar amount of material replaced 
all the exchangeable hydrogen in the Tama silt loam, making it 
100 percent saturated. 
11. In the tests with quarry-run limestone it was found that 
considerably smaller changes in the content of exchangeable hy-
drogen and bases were induced after 6 months, than in the same 
soils treated with pure calcium carbonate. In general about two 
and one-half to three times as much quarry-run limestone as pure 
calcium carbonate was required to bring about the same increase 
in the degree of saturation of these soils. 
12. These results indicate that the degree of fineness and 
also the chemical composition of the lime used have a large in-
fluence on its reaction with the base exchange complex of soils. 
13. In another experiment various amounts of quarry-run 
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limestone, ranging from 1 to 6 tons per acre, were applied to 
Grundy silt loam in pots in the greenhouse. Hydrogen ion con-
centration determinations were made and the results plotted to 
determine the amount of limestone necessary to bring the re-
action of the soil up to pH 7.0. The results indicate that after 1 
month, 11 tons of limestone would have been required for this 
purpose, and after 1 year, between 8 and 9 tons would have been 
required. The liming factor or ratio for this soil was found to be 
about 2.5 when determined 1 year after the limestone treatments 
were made. 
14. The effects of various amounts of quarry-run limestone 
on nitrification in Grundy silt loam were also determined. The 
results obtained indicate very definitely that nitrification was 
stimulated in the Grundy silt loam by additions of limestone. 
Greater effects were secured with the larger amounts of limestone 
up to the addition of 6 tons per acre. 
15. Sweet clover was grown in pots of Grundy silt loam simil-
arly treated with varying amounts of quarry-run limestone. 
While the effects of the limestone on the yield and nitrogen con-
tent of the crop were not large, the results .indicate that the 
application of limestone to this soil was beneficial. It increased 
both the yield and the total amount of nitrogen in the crop. 
The maximum effects of the limestone were secured in the soil 
treated with limestone at the rate of 3 tons per acre. This 
amount corresponds very closely to the lime requirement of the 
soil. 
16. The hydrogen ion concentration of Grundy silt loam 
treated with limestone of different degrees of fineness and with 
hydrated lime in pots in the greenhouse was determined at 
various intervals after treatment. The 100-mesh limestone and 
the hydrated lime reacted very rapidly and decreased the hydro-
gen ion concentration. The changes produced by the two ma-
terials were about the same. The 40-mesh limestone did not react 
as rapidly as did the finer materials, but after 6 months the hydro-
gen ion concentration was reduced almost as much as when the 
finer materials were used. The rate and extent of change in re-
action produced by the 20-mesh limestone were, considerably less 
than were secured with the finer materials. Practically, it would 
seem that finely ground limestone should be employed to correct 
the acidity of the Grundy silt loam if the best results are to be 
secured from its use during the first year. 
17. When the effect of limestone of various degrees of fineness 
on the base exchange complex of Grundy silt loam was determined 
it was found that both the hydrated lime and the 100-mesh lime-
stone decreased the content of exchangeable hydrogen from 
10.82 M.E. per 100 grams of soil to 6.42 M.E., while the 40-mesh 
limestone reduced it to 6.97 M .E. and the 20-mesh to only 8.99 
M.E. The degree of saturation was increased from 57.90 percent 
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in the untreated soil to 74.22 percent in the soil treated with 40-
mesh limestone and to 73.95 percent in the soil treated with hy-
drated lime. The 40-mesh limestone increased the degree of 
saturation almost as much as did the 100-mesh material, 72.25 
percent, but the 20-mesh stone increased it only to 64.82 percent. 
In general the changes induced in the base exchange complex of 
the Grundy silt loam by 100-mesh limestone and hydrated lime 
were much the same. The 40-mesh limestone produced some-
what smaller effects and the 20-mesh material was considerably 
less effective in changing both the pH and the degree of saturation 
of this soil. 
18. In the determinations of the effects of the limestones of 
different degrees of fineness and of hydrated lime on the nitrifying 
power of the Grundy silt loam, it was found that the finer grades 
of limestone gave larger beneficial effects than did the hydrated 
lime or the coarser limestones. 
19. No large differences in the yield and composition of soy-
beans and sweet clover were brought about by the application of 
limestone of different degrees of fineness to the Grundy silt loam 
in greenhouse tests. 
20. Chemically pure calcium and magnesium carbonates, 
mixtures ' of these materials in various proportions, and high 
calcium and high magnesian limestones were tested for their 
effects on the hydrogen ion concentration of the Grundy silt loam, 
the lime requirement, the degree of saturation of the exchange 
complex with bases, the nitrifying power and the nitrogen fixing 
power of the soil, and upon the yield and composition of crops of 
wheat and red clover. 
21. The magnesium cfurbonate was slightly more effective in 
decreasing the hydrogen ion concentration of this soil than was · 
the calcium carbonate during the first few weeks after the treat-
ments were made. As the experiment continued, however, the 
difference in favor of the magnesium carbonate gradually de-
creased until about 21 weeks when the reaction of the soils treated 
with the two materials was about the same. Apparently if pure 
magnesium carbonate had any superiority over pure calcium 
carbonate in affecting the hydrogen ion concentration, this 
superiority became gradually smaller and disappeared entirely 
after about 5 months. 
22. The quarry-run limestones did not reduce the hydrogen ion 
concentration in GTundy silt loam as much as did the chemically 
pure carbonates. The calcium limestone was somewhat more 
effective than the dolomitic limestone, but the differences were 
not large. After the sixth week the differences were slight and 
probably of little significance. From the practical standpoint, 
there was no significant difference in the effect of the calcium and 
the magnesian limestones on the hydrogen ion concentration of 
this soil. . 
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23. Chemically pure magnesium carbonate was slightly more 
effective in reducing the lime requirement of the Grundy silt loam, 
as determined by the Hardy and Lewis method of titration to 
pH 7.0, than was chemically pure calcium carbonate. Practical-
ly no difference appeared in the effectiveness of the high calcium 
limestone and the dolomitic limestone in reducing the lime require-
ment of this soil. 
24. The results of the base exchange determinations indicate 
that the pure magnesium carbonate was slightly more effective 
in reducing the exchangeable hydrogen content and increasing 
the degree of saturation of the base exchange complex of the 
Grundy silt loam than was pure calcium carbonate. The high 
calcium limestone, however, was more effective than the dolo-
mitic limestone. The differences in favor of the magnesium car-
bonate in the case of the chemically pure materials, and of the 
calcium limestone in the case of the quarry-run materials, were 
not large and are not considered to be of much practical signi-
ficance. 
25. The soils treated with the pure carbonates had a higher 
nitrate content in most instances than those treated with the 
quarry-run high calcium or dolomitic limestones. The soils re-
ceiving the mixtures of calcium and magnesium carbonates had a 
somewhat higher average content of nitrate nitrogen than those 
treated with either of the carbonates alone, and the soil treated 
with magnesium carbonate was slightly higher in nitrate content 
than the one treated with calcium carbonate alone. 
26. The Grundy silt loam treated with the pure carbonates of 
calcium and magnesium had a higher nitrifying' power than when 
treated with either high calcium or dolomitic limestone. When 
treated with an equal amount of calcium and magnesium carbon-
ates it had a higher nitrifying power than when under the other 
treatments tested. In practically all cases the calcium carbonate 
alone induced greater increases in the nitrifying power of the 
Grundy silt loam than did the magnesium carbonate. The high 
calcium limestone increased the nitrifying power of this soil 
slightly more than did the dolomitic limestone. 
27. The results of the nitrogen fixation tests on the Grundy 
silt loam treated with the calcium and magnesium carbonates and 
limestones were somewhat variable and no conclusion as to the 
relative effectiveness of the different materials can be drawn. 
28. Both the calcium and magnesium carbbnates and lime-
stones increased the yield of wheat over that secured on the un-
treated soils, but the magnesium carbonate and also the dolomitic 
limestone were slightly more effective than the calcium carbonate 
and calcium limestone, respectively. The differences in nitrogen 
content of the wheat crop were hardly large enough to be signi-
ficant. 
29. Magnesium carbonate was somewhat more effective than 
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calcium carbonate in increasing the crop yields and the nitrogen 
con~ent in the clover crop. Similarly, the dolomitic limestone 
seemed to have a greater effect than the calcium limestone. The 
differences, however, were greater when the two carbonates were 
compared than in the case of the two limestones. 
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